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(54) Process for producing an ink jet recording head 

(57) An ink jet recording head is produced by form- 
ing in a first substrate (308) a plurality of orifices (317) 
for ejecting an ink droplet and a reference object for reg- 
istration; forming in a second substrate (307) ejection 
energy generating elements (315) for supplying energy 
for ejecting the ink placed in liquid passages (314) com- 
municating with the orifices (317); and joining the first 
substrate 308 and the second substrate (307) together 
on the basis of the reference object for registration. 
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Description 

The present irtventi n relates t a process for pro- 
ducing an ink jet recording head and more particularly 
to a process for producing orifices in the ink jet record- s 
ing head. 

Ink jet recording is a non-impact recording method 
which is almost free from noise generation during 
recording which is capable of high-speed recording and 
which enables to perform recording without requiring w 
any special operations for fixing onto an ordinary paper. 
Of the currently known various recording methods, this 
method is very useful. Wide varieties of proposals have 
been put forward for this method and improvements 
have been applied to it. These efforts have led to some is 
commercially available products, whereas some ideas 
are still on the way to commercialization. 

Inkjet recording method is one in which ink droplets 
are ejected by various mechanisms and are deposited it 
on a recording medium such as a paper, so as to per- 20 
form recording. 

The applicant of the present invention has also 
made a proposal on a novel method related to an ink jet 
recording. This novel method was proposed in Japa- 
nese Patent Application Laying-open No. 1 1 8798/1 977, 25 
and its fundamental principle is outlined as follows: 
Thermal pulses as information signals are applied to the 
ink introduced in an ink passage that can accommodate 
the ink. As a result, the ink generates a vapor bubble 
and produces an actuating force during its growth and 30 
contraction. This force causes the ink to be ejected as 
the droplets from orifices communicating with the ink 
passage, whereafter the droplets are deposited on a 
recording medium to perform recording. 

This method provides the orifices in a high-density, 35 
multi-array layout which can easily fit for high-speed 
recording as well as color recording. In adcfition, the 
apparatus employed in this method is simpler in con- 
struction than conventional apparatuses. Hence, a 
recording head can be reduced in size as a whole and 40 
is suitable for mass-production. This method can also 
easily provide a wide-rage recording head in which 
many orifices are arranged by taking advantage of 
remarkable IC technologies and microscopic process- 
ing techniques and of an increase of reliabilities in the 45 
semiconductor field. Thus, the method is broad in the 
scope of applications. 

As shown in Fig. 1, the ink jet recording head for 
use in ink jet recording is composed of a first substrate 
101 (hereinafter to be referred to as a heater board) so 
equipped with electro-thermal converting elements and 
a second substrate 102 which has grooves for forming a 
liquid chamber accommodating the ink and ink pas- 
sages by joining the first sitostrate 101 to the second 
substrate 102. The second substrate 102 integrally has ss 
an orifice plate 104 which includes ink ejection outlets 
109, that is, orifices, communicating with the ink pas- 
sages (the second substrate will hereinafter to be 
referred to as a grooved top plat ). 



Th heater board 1 01 is adhered and fixed to a sup- 
porting base plate 103 with the use of an adhesive. The 
grooved top plat 102 is bonded with th heater b ard 
101 in such a manner that the electro-thermal convert- 
ing elements disposed on the heater board 101 register 
with the, grooves tor ink passages formed in the 
grooved top plate 102. The orifice plate 104 of the 
grooved top plate 102 is disposed so as to project for- 
ward and downward like an apron from a front end sur- 
face of the supporting base plate 103. 

Grooves 103A are formed in a part of the area of 
the supporting base plate 103 which is covered by the 
orifice plate 104, more specifically, in the area that is 
covered by right and left end portions of the orifice plate 
104. 

The ink is supplied from an ink feed member 105 
through an ink feed port 102a provided in an upper por- 
tion of the grooved top plate 102. The ink feed member 
105 has a projecting bar and is fixed to the supporting 
base plate 103 by inserting this projecting bar into a 
through hole provided in the supporting base plate 103 
and thermally caulking the through hole. 

The gaps 110a and 110b, between the ink feed 
member 105 and the heater board 101, and, between 
the ink feed member 105 and the grooved top plate 102, 
as well as a joining area with a tiny gap between the ori- 
fice plate 104 and the front end surface of the support- 
ing base plate 103 which is to be sealed with an 
adhesive, constitute an adhesion space which is filled 
with a sealing compound from above the ink feed mem- 
ber 105 through the grooves 103 A. 

The ink jet recording head as described above has 
several problems with production as indicated below. 

1) In Fig. 1, the joining area between the orifice 
plate 104 and the front end surface of the support- 
ing base plate 1 03 has so small gap that the sealing 
compound often fails to reach the gap, particularly, 
its central portion, in a sufficient amount. To avoid 
this problem, it has been a customary practice to 
lower the viscosity of the sealing compound. The 
lowering of its viscosity, however, causes the seal- 
ing compound to go out of holes provided in the 
supporting base plate 103, i.e. a mounting hole for 
a presser spring to be mounted to provide a close 
contact between the second substrate 102 with the 
ink passages and the heater board 101, and a hole 
for insertion of an ink supply pipe of the ink feed 
member 105 for suppling the ink from an ink tank, 
as well as a gap in a posterior portion of the ink feed 
member 105. As a result, the amount of the sealing 
compound may be insufficient. Moreover, a protru- 
sion which will serve as a reference object when the 
ink jet recording head is mounted on the carriage 
may be coated with the sealing compound, thus 
deteriorating the accuracy and precision of mount- 
ing, thereby, for instance, causing a recorded line to 
be curved. Furthermore, the sealing compound 
may invade the orifices, causing the ink not to be 



2 



3 



EP0 786 348 A1 



4 



ejected. 

2) In bringing the electro-thermal converting de- 
rm nts and the orifices into r gistration, it has been 
a customary practice to register them manually 
using a specialized jig while alternately observing s 
the electro-thermal converting elements and the 
orifices under a metallurgical microscope. 

This manual adjustment by an operator for reg- 
istration of the electro-thermal converting elements 
and the orifices has the following problems: 10 

a) Variations in the manual work cause varia- 
tions in the accuracy and precision of adjust- 
ment. 

b) Visual measurements and manual opera- is 
tions of the jig for repeated use take much time 

for adjustment. 

c) The operator suffers from asthenopia due to 
the long-term visual measurements, and ultra- 
violet irradiation for setting the adhesive when 20 
fixing the members after registration of the ori- 
fices and the electro-thermal converting ele- 
ments. 

To solve these problems, the applicant of the 25 
present invention proposed an apparatus for per- 
forming registration of the orifices without relying on 
manual work According to this apparatus, the posi- 
tions of the electro-thermal converting elements 
and the positions of the orifices are confirmed with 30 
an (TV camera via an optical system, and informa- 
tions on the positions of them are converted into 
image signals, which are transmitted to an image 
processing unit. In the image processing unit, the 
image signals of the two members are processed 35 
and their positional coordinates are calculated. On 
the basis of the calculated results, the difference in 
position is determined, and the top plate is moved 
so that the positions of the electro-thermal convert- 
ing elements and the positions of the orifices are 40 
brought into registration with each other. 

This conventional apparatus still involves the 
following problems: Generally, the orifices formed in 
the orifice plate integral with the top plate and the 
grooves for the ink passages of the top plate are as 
arranged in plural numbers with similar shapes. 
When these members are to be brought into regis- 
tration in joining the top plate with the heater board 
while observing the orifices with the ITV camera, 
the determinations of the orifices to be registered so 
have been impossible with a conventional image 
processing unit. Consequently, the electro-thermal 
converting elements and the orifices are generally 
out of register; the orifice may be positioned at a 
place wh re the electro-thermal converting ele- 55 
ments are not located, or no orifices may be posi- 
tioned at a place where the electro-thermal 
converting elements are located. Such a failure in 
the accurate registration of the orifices and the 



electro-thermal converting lements will adversely 
affect ink ejection performance, and would become 
the caus of the ink not b ing ejected in th w rst 
case. Particularly, when the ink jet recording head 
becomes more accurate, more precise and speed- 
ier, the orifices and the grooves for ink passages 
become micro-sized. This requires the exact regis- 
tration between the orifices and the electro-thermal 
converting elements as an indispensable task for 
the production of the ink jet recording head. 
3) When the orifices of the recording head are 
formed; it has been a common practice to use a 
laser capable of emitting an ultraviolet radiation 
such as a fourfold wave of an excimer laser or a 
YAG laser. The formation of the orifices in this case 
has been carried out in two roughly manners as fol- 
lows. 

a) First, the orifice plate for forming the orifices 
is joined to an end surface of the top plate 
where the groove for the ink passages has 
been formed. Then, the orifices are formed by 
irradiating a laser beam onto the orifice plate 
via a mask. The groove for the ink passages is 
open at the end surface of the top plate, and 
the formation of the orifices is performed so 
that the orifices will communicate with the 
opening. The orifice plate may be formed of a 
resin film or the like. During the formation of the 
orifices, the position of the orifice to be formed 
and the position of the groove for the ink pas- 
sages are brought into registration. 

The above-mentioned procedure is shown 
in Fig. 2. In this drawing, the reference numeral 
301 denotes an ultraviolet laser apparatus, 302 
a laser beam emitted by the ultraviolet laser 
apparatus 301 , 303 a lens system, 304 a pro- 
jection mask having aluminum evaporation- 
deposited thereon which has all or some of the 
patterns of the orifices and which can be 
shielded to the laser beam 302, 305 a top plate 
provided with a groove for the ink passages 
and a groove for a common liquid chamber, 
305A an orifice plate, and 305B a support 
member for supporting the top plate 305. A 
movable stage 306 moves the support member 
3056 horizontally, thereby moving the top plate 
305 supported thereon, and eventually adjust- 
ing the position of the groove for the ink pas- 
sages with respect to the laser beams. 

Details of the ink jet recording head body in 
which the orifices have been formed in accord- 
ance with such a construction are illustrated in 
Fig. 3. 

Fig. 3 is a schematic sectional view of the 
recording head body. 

In Fig. 3, 408 is a heater board with an 
electro-thermal converting element patterned, 
and 41 1 is an orifice formed in an orifice plate 
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405A. The reference numeral 414 designates 
an ink passage, and 415 is an electro-thermal 
converting element provided in correspond- 
ence to the ink passage 414. The ink passage 
41 4 is composed of the groove for the ink pas- 5 
sage and the heater board, 
b) Alternatively, an orifice is formed by irradiat- 
ing an ultraviolet laser beam from the side 
where the groove for the ink passage 414 has 
been formed, onto a member having the top 10 
plate 405 and the orifice plate 405A formed 
integrally. This procedure is illustrated in Fig. 4. 



Fig. 4 shows a manner in which an ultraviolet is 
laser beam is irradiated from the ink passage side 
onto the orifice plate formed integrally with the top 
plate, thereby forming an orifice. The same mem- 
bers as shown in Fig. 2 are indicated by the same 
reference numerals. 20 

The procedure for forming the orifice as men- 
tioned above has been performed in the following 
manner: A laser beam that has passed the projec- 
tion mask is irradiated onto the orifice plate to form 
an orifice. For registration of the laser beam, the 25 
shape of the groove for the ink passage is incorpo- 
rated as image informations by means of an ITV 
camera, and the position of the groove is confirmed 
by recognizing the image. Then, the position of the 
groove for the ink passage is brought into registra- 30 
tion via the projection mask with the position where 
the laser beam is to be irradiated. 

A third problem with the laser beam machining 
for forming orifices is as follows: Since there are a 
plurality of the grooves for the ink passages with the 35 
same shape, whichever the above-mentioned 
methods may be employed, it has been difficult to 
determine by image processing which of the 
grooves for ink passages should be registered with 
the laser beam. 40 

For example, it has been conventionally used 
to form the orifices after counting the number of 
grooves for the ink passages from the end groove 
for the ink passage to the aimed groove for the ink 
passage, or to form the orrfice after registering the 45 
top plate with a movable stage, and then irradiating 
the laser beam onto the orifice plate. 

The former method, however, takes a wasteful 
time for the formation of the orifices because the 
number of grooves for the ink passages has to be so 
counted from the end grooves for the ink passages 
to the aimed groove for the ink passage each time 
the orrfice is to be formed. 

On the other hand, according to the latter 
method, if the dimensions of the top plate are var- ss 
ied, the dimensions of the top plate mounting panel 
have to be varied with response to dimensional var- 
iation, or data on how much the movable stage 
should be moved must be incorporated again into 



the image recognition apparatus. Thus, the steps 
for laser beam machining become complicated. 
4) Fourthly, there has been the probl m that when 
orifices are to be formed by laser beam machining, 
their shapes may be different depending on the 
positions of the orifices arranged. 

As shown in Fig. 5, a laser beam emitted by a 
laser oscillation apparatus (not shown) is divided 
into laser beams L, to Lp indicated by a plurality of 
thick arrows as shown in Fig. 5 that have passed 
the mask. 

An optical axis 616k (indicated by a one dot 
chain line in Fig. 5) of the laser beam in the 
neighborhood of the center of the laser beam, coin- 
cides with an axis 620 k of the orifice 61 1 k , which is 
a symmetrical axis for the shape of the orrfice. but 
the intensity of the laser beam becomes weaker at 
a peripheral portion apart from the center of the 
laser beam. Therefore, when the orifice plate 610 is 
formed, the shape of the orifice formed is such that 
its end heads toward the inside where the intensity 
of the laser beam is strong. 

This trend is noticeable at orifices 611 -| and 
61 1 n at both end portions. The axes of ink ejection 
outlets 620 1 and 620 n do not coincide with the opti- 
cal axes 61 6 1 and 61 6 n of the laser beams L 1 and 
Lp and incline toward the center of the orifice. As a 
result, ink droplets are ejected more inwardly than 
the direction for ejecting ink droplets in the vicinity 
of the center of the laser beam. Furthermore, the 
orifices 611 k . 1f 61 1 k , and 611 k+1 in the neighbor- 
hood of the central axis of the laser beam, and the 
orifices 611-,, 611 n at peripheral portions of the 
laser beam are different in the direction of laser 
beam machining and have different shapes. This 
also results in the deterioration of the grade of 
recorded images. 

To solve the above-described problems, the fol- 
lowing methods have been adopted: 

The orifice plate is machined only with use of 
laser beam in the neighborhood of the center of the 
laser beam to form an orrfice. The orifice plate is 
laser beam machined in such an manner that an 
optical system thought out so that the intensity of 
the laser beam at peripheral portions of the laser 
beam coincides with the intensity in the neighbor- 
hood of the center of the laser beam, thereby to 
form an orifice. According to the method for forming 
the orifice using only the laser beam in the neigh- 
borhood of the center of the laser beam, however, 
the area where the orrfice is formed is narrow, thus 
making it impossible to form a number of orifices at 
a time. The formation of multiple orifices requires 
that the area of laser beam machining be varied fre- 
quently, and the orrfice plate be machined for many 
times. Consequently, the machining time is pro- 
longed, and the throughput is decreased. At each 
laser beam machining, moreover, there tends to be 
large variations in the positions, shapes and diame- 
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ters of the orifices, thus lowering the accuracy and 
precision of machining. 

The method of working out such an optical sys- 
tem that the intensity of the laser beam is the same 
in the vicinity of the center of the laser beam and at s 
the peripheral portions of the laser beam has the 
following disadvantages: Since the construction of 
the optical system is complicated, many lenses are 
used, thus making their adjustment difficult and 
decreasing the throughput. Also, the apparatus is 10 
separately needed to adjust the optical system, 
thereby rising the costs of the orifice formation. 
5) Laser beam machining for orifice formation also 
has the following problems: 

When a work such as an ink jet recording head 75 
is to be laser beam machined to form orifices, the 
formation of numerous orifices takes much time 
such a construction in which a laser beam is con- 
verged to one point to form orifices one by one. Par- 
ticularly, much time is required for registration 20 
intended for accurate laser beam machining of an 
orifice, thus lowering remarkably the operational 
efficiency. To avoid these disadvantages, a laser 
beam machining apparatus is conceivable in which 
a desired number of orifices can be perforated in zs 
the work, or in which the position of the orifice is 
measured, and its position can be corrected on the 
basis of the results measured. In such an appara- 
tus, the orifices with the intended diameter or area 
are perforated under the conditions where the laser so 
power and/or the irradiation time with response to 
the thickness of the orifice plate are setted in 
advance. 



ing an ink, the s cond substrate integrally having an 
orifice plate having orifices formed therein for eject- 
ing an ink, a front plat member pr vided int grally 
with the orifice plate, and grooves and projections 
for constituting ink passages communicating with 
the orifices by being joined to the first substrate; 
joining a part of a joining member composed of the 
first substrate and the second substrate to a sup- 
porting base plate having grooves in a part of the 
surface to be joined to the joining product, the 
grooves extending beyond the surface, thereby cov- 
ering a front surface of the supporting base plate by 
a part of the front plate member of the second sub- 
strate; and 

filling a sealing compound into gaps between the 
front plate member and the front surface of the sup- 
porting base plate through the grooves. 

Here, the grooves may extend radially from the 
neighborhood of the center of the orifice plate. 

The ejection energy generating elements may gen- 
erate thermal energy to generate a bubble and the ink 
may be ejected accompanied by generating the bubble. 

The ink jet recording head may accommodate ink to 
be ejected from the orifices. 

In a second aspect of the present invention, there is 
provided a process for producing an ink jet recording 
head comprising a first substrate provided with a plural- 
ity of orifices for ejecting an ink, and a second substrate 
combined with the first substrate and provided with 
ejection energy generating elements for supplying 
energy for ejecting the ink, the process comprising the 
steps of: 



In the laser beam machining apparatus as men- 35 
tioned above, however, it may be difficult to perforate 
orifices with the same diameter or area under the same 
conditions for long periods of time, owing to variations in 
the thickness of the orifice plate according to lot differ- 
ences, changes in the laser power due to changes with 40 
time in the laser oscillator and so forth. Hence, regular 
sampling may become necessary to reset the laser 
power and/or the irradiation time. This resetting step 
may lower the operating efficiency of the apparatus. In 
addition, whenever the lot of the top plate is changed 45 
and the interval of the grooves is changed, resetting 
must be done manually. When many top plates are to be 
formed from one lot, in particular, an operational step for 
setting the laser power for each top plate will become 
necessary. Such preparatory tasks for the apparatus so 
are laborious, thereby lowering the operating efficiency. 

In a first aspect of the present invention, there is 
provided a process for producing an ink jet recording 
head for ejecting an ink, the process comprising the 
steps of: ss 

joining together a first substrate and a second sub- 
strate, the first substrate having ejection energy 
generating elements for supplying energy for eject- 



detecting a reference object for registration which is 
provided in the first substrate and which is used 
when the second substrate is combined with the 
first substrate; and 

joining together the first substrate and the second 
substrate with reference to the detected reference 
object for registration. 

Here, the reference object for registration may be 
some of the plurality of orifices, and the orifice as the 
reference object for registration may be different in 
shape from the other orifices. 

The ejection energy generating elements may gen- 
erate thermal energy to generated a bubble and the ink 
may be ejected accompanied by generating the bubble. 

The ink jet recording head may accommodate ink to 
be ejected from the orifices. 

The reference object for registration may be pro- 
vided in the neighborhood of the plurality of orifices. 

In a third aspect of the present invention, there is 
provided a process for producing an ink jet recording 
head for ejecting an ink, the process comprising the 
steps of: 

providing an orifice plate constituting the ink jet 
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recording head; and 

irradiating laser beams sequentially which are sym- 
metrical each other in intensity distribution thereof 
onto same portion of the orifice plate which corre- 
sponds to an aimed ink passage so as to form the s 
orifice. 

Here, the laser beams may be excimer laser 
beams. 

The recording head may generate a bubble by uti- w 
lizing thermal energy and may eject the ink accompa- 
nied by generation of the bubble. 

The ink jet recording head may accommodate ink to 
be ejected from the orifices. 

In a fourth aspect of the present invention, there is is 
provided a process for producing an ink jet recording 
head for ejecting an ink, the process comprising the 
steps of: 

irradiating a laser beam onto an orifice plate to form 20 
an orifice; 

observing the diameter or area of the orifice; and 
controlling the power and/or the irradiation time of 
the laser beam on the basis of the diameter or area 
observed. 25 

Here, the recording head may generate a bubble by 
utilizing thermal energy and may eject the ink accompa- 
nied by generation of the bubble. 

The ink jet recording head may accommodate ink to 30 
b ejected from the orifices. 

An object of the present invention is to provide a 
process for producing an ink jet recording head which 
enables a sealing compound to be filled satisfactorily 
into a joining area between the respective members. 35 

Another object of the present invention is to provide 
a process for producing an ink jet recording head which 
permits the accurate registration between the orifices 
and the electro-thermal recording elements. 

Still another object of the present invention is to 40 
provide a process for producing an ink jet recording 
head which can machine the orifice plate in a short 
period of time and whose production steps are simpli- 
fied. 

A further object of the present invention is to pro- 45 
vide a process for producing an ink jet recording head 
which requires a shortened time for machining the ori- 
fice plate, which is high in the accuracy and precision of 
machining and which can form orifices with a satisfac- 
tory shape. so 

A still further object of the present invention is to 
provide a process for producing an ink jet recording 
head which is simplified in the operating steps and 
which can form orifices with the same diameter in a 
short period of time. 55 

Fig. 1 is a simplified front view showing an example 
of a conventional ink jet recording head. 

Fig. 2 is a schematic constructional view showing a 
conventional orifice-processing apparatus in which an 



orifice is formed by laser beam machining. 

Fig. 3 is a sectional view showing an orifice formed 
by the laser beam machining apparatus illustrated in 
Fig. 2. 

Fig. 4 is a schematic constructional view showing 
another conventional orifice-processing apparatus in 
which an orifice is formed by laser beam machining. 

Fig. 5 is a schematic view of an ink jet recording 
head showing another conventional mode of forming 
orifices by laser beam machining. 

Fig. 6 is a simplified sectional view showing an 
embodiment of "the ink bet recording head in accord- 
ance with the present invention. 

Fig. 7 is a simplified front view showing the ink ejec- 
tion outlet side as shown in Fig. 6. 

Rg. 8 is a perspective view showing an example of 
a supporting base plate constituting the ink jet recording 
head in accordance with the present invention. 

Figs. 9A to 9D are perspective views showing other 
examples of a supporting base plate constituting the ink 
jet recording head in accordance with the present inven- 
tion. 

Fig. 10 is an exploded perspective view of the ink jet 
recording head in accordance with the present inven- 
tion. 

Fig. 1 1 is a block diagram showing an assembled 
apparatus for use in the present invention. 

Fig. 12 is a perspective view of an optical system for 
detecting the position of the electro-thermal converting 
element. 

Fig. 13 is a schematic view of an image obtained 
with an I TV camera. 

Fig. 14 is a perspective view of an optical system for 
detecting the position of the orifice. 

Fig. 15 is a perspective view showing the situation 
in which component parts are supplied to the assem- 
bled apparatus as shown in Fig. 1 1 . 

Figs. 16A to 16C are explanatory views showing a 
method of measuring the deviation of the optical axis 
with the use of a calibration chart. 

Figs. 1 7A and 1 7B are explanatory views showing a 
method of measuring the position of the electro-thermal 
converting element. 

Figs. 16A to 18G are explanatory views showing a 
method of conforming the position of the orifice to the 
position of the electro-thermal converting element with 
each other, and fixing their positions relative to each 
other. 

Fig. 19 is a schematic constructional view of an ori- 
fice-forming apparatus for forming an orifice by means 
of laser beam machining. 

Fig. 20 is a schematic constructional view of 
another orifice-forming apparatus for forming an orifice 
by means of laser beam machining. 

Figs. 21 A and 21 B are explanatory views for 
explaining the top plate member in accordance with the 
present invention. 

Figs. 22A to 22C are front views of another orifice 
plate of the ink jet recording head in acc rdance with 
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the present invention. 

Fig. 23 is a schematic perspective view of the ink jet 
recording head in acc rdance with the pr sent inven- 
tion. 

Fig. 24 is a rear view of still another orifice plate of s 
the ink jet recording head in accordance with the 
present invention. 

Fig. 25 is a sectional view of the top plate in accord- 
ance with the embodiment of the present invention. 

Fig. 26 is a perspective view of the top plate in 10 
accordance with the embodiment of the present inven- 
tion. 

Fig. 27 is a schematic perspective view showing a 
method of registration in accordance with the embodi- 
ment of the present invention. is 

Figs. 28A to 28D are sectional views showing the 
shapes of various reference objects for registration pro- 
vided in another top plate in accordance with the 
embodiment of the present invention. 

Fig. 29 is a sectional view showing the shape of the 20 
reference object for registration provided in still another 
top plate in accordance with the embodiment of the 
present invention. 

Fig. 30 is a view showing an image of the reference 
object for registration of the top plate as input into a 25 
camera. 

Fig. 31 is a perspective view showing in a simplified 
manner a part of a recording head produced by the 
process for producing the ink jet recording head of the 
present invention. 30 

Figs. 32A, 32B and 32C are explanatory views 
showing the process for producing the ink jet recording 
head of the present invention. 

Fig. 33 is an explanatory view showing the process 
for producing an orifice by irradiating laser beam onto 3s 
the orifice place in accordance with the embodiment of 
the present invention. 

Fig. 34 is an explanatory view showing the method 
of producing a number of orifices by laser beam 
machining of the orifice plate in accordance with the 40 
embodiment of the present invention. 

Fig. 35 is a constructional perspective view of an 
apparatus showing an embodiment of the present 
invention. 

Figs. 36A and 36B are views showing images of the 45 
orifice plate as observed with two ITV cameras in the 
present invention. 

Fig. 37 is a simplified perspective view of an orifice 
plate. 

Fig. 38 is a view showing images of the orifice plate so 
observed with two ITV cameras in the present invention. 

Fig. 39 is an image of the orifice plate as viewed by 
focusing only on these orifices using an ITV camera. 

Fig. 40 is a characteristic graph showing the rela- 
tionship between the laser power and the area of the ss 
orifice in laser beam machining. 

Fig. 41 is a characteristic graph showing the rela- 
tionship between the laser irradiation time and the area 
of the orifice in laser beam machining. 
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Fig. 42 is a characteristic graph showing the rela- 
tionship between the position of the mask and the pitch 
deviation between the groove and the orifice in las r 
beam machining. 

Fig. 43 is an exploded perspective view of an exam- 
ple of an ink jet cartridge to which the present invention 
has been applied. 

Fig. 44 is a perspective view of an ink jet cartridge 
to which the present invention has been applied. 

Fig. 45 is a perspective view of an ink tank of the ink 
jet cartridge as viewed from the side where the ink jet 
recording head is mounted. 

Fig. 46 is a top view showing the manner in which 
the ink jet cartridge is mounted on the carriage of the 
recording apparatus body. 

Fig. 47 is a perspective view showing an ink jet 
recording apparatus to which the present invention has 
been applied. 

Embodiment 1 

Fig. 6 is a simplified sectional view showing an 
embodiment of the ink jet recording head in accordance 
with the present invention. 

Fig. 7 is a simplified front view of the orifice side of 
the ink jet recording head as shown in Fig. 6. 

Fig. 8 is a simplified perspective view showing an 
example of the supporting base plate which constitutes 
the ink jet recording head in accordance with the 
present invention. 

With reference to Figs. 6, 7 and 8, the embodiment 
of the ink jet recording head to which the present inven- 
tion has been applied will be described. 

As illustrated in Fig. 6, an ink jet recording head is 
composed of a heater board 101 equipped with electro- 
thermal converting elements, and a second substrate 
102 which is joined to the heater board 101 to form 
recesses and projections constituting a liquid chamber 
107 accommodating an ink, and ink passages 108. The 
second substrate 102 integrally has an orifice plate 104 
which includes orifices 109 communicating with the ink 
passages 108 for ejecting the ink (the second substrate 
will hereinafter be referred to as a grooved top plate). 

The heater board 101 is fixed to a supporting base 
plate 103 with the use of an adhesive. The grooved top 
plate 102 is joined to the heater board 101 in such a 
manner that the electro-thermal converting elements 
disposed on the heater board 101 will register with the 
ink passages 108 of the grooved top plate 102. The ori- 
fice plate 104 of the grooved top plate 102 is disposed 
so as to project forward and downward like an apron 
from a front end surface of the supporting base plate 
103. 

The ink is supplied from an ink feed member 105 
through an ink feed port 102a provided in an upper por- 
tion of the grooved top plate 102. The ink feed member 
105 has a projecting bar (not shown), and is fixed to the 
supporting base plate 103 by inserting this projecting 
bar into a through hole provided in the supporting base 
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plate 103 and thermally caulking the through hole. 

The gaps 1 10a and 1 10b (see Fig. 7) between the 
ink feed m mb r 105 and the heater board 101 and 
between the ink feed member 105 and the grooved top 
plate 102 as well as a joining area with a tiny gap s 
between the orifice plate 104 and the front end surface 
of the supporting base plate 103 which is to be sealed 
with an adhesive, are filled with a sealing compound as 
an adhesion space. 

A neighborhood of the orifice plate 104 which con- 10 
stitutes the ink jet recording head is about 30-40 mn in 
thickness, but desirably becomes thicker toward a lower 
portion of the supporting base plate 103 and has a 
thickness of 0.2 mm in the present embodiment. 

In view of the costs and ink resistance of the mate- is 
rials, thermoplastic resins such as polyimide. polyether 
ether ketone, or polysulfone can be cited as examples 
of the materials for the grooved top plate 102 having the 
orifice plate 104. 

In the present embodiment, polysulfone with a 20 
small amount of heat deformation at high temperatures 
was used. 

In Fig. 7, the shaded portion represents the area 
filled with the sealing compound. As illustrated in Fig. 8, 
the supporting base plate 103 has grooves 103 A 25 
formed at the right and left end portions of the area 
hung over by the orifice plate, and also has grooves 
103B formed within an area, where the heater board 
101 is to be bonded, and extending beyond this area. 
The groove 103B is 0.5 mm wide, 0.5 mm deep, and 1 30 
mm in the dimension beyond said area. The thickness 
of the adhesive is 0.04 mm so that the adhesive usable 
for the heater board 101 is notto fill up the groove 103B. 

The groove 103B is not restricted to this size, and 
may be of any size which permits a thoroughly satisfac- 35 
tory sealing with the adhesive. The heater board 101 is 
fixed onto the supporting base plate 103 with the use of 
the adhesive, and the grooved top plate 102 is fixed 
onto the heater board 101 so that the electro-thermal 
converting elements disposed on the heater board 101 40 
and the ink passages 107 of the grooved top plate 102 
can be registered with each other. The grooved top 
plate 102 has the orifice plate 104, and the orifice plate 
104 is disposed like an apron in front of the front end 
surface of the supporting base plate 103. The ink feed 45 
member 1 05 is fixed to the supporting base plate 1 03 by 
inserting a projecting bar (not shown) provided in the ink 
feed member 105 into a through hole provided in the 
supporting base plate 103, and thermally caulking the 
through hole. In this case, uniform gaps 110a and 1 10b so 
are formed between the orifice plate 104 and the ink 
feed member 105. In this embodiment, the gaps 110a 
and 1 1 0b are within the range form 0.1 to 0.2 mm. 

The sealing compound is poured through a pour 
port (not shown) in an upper portion of the ink feed ss 
member 105, thereby sealing a wire bonding for trans- 
mitting electrical signals, and simultaneously sealing 
the gaps 110a and 110b between the orifice plate 104 
and the ink feed member 105. Then, the sealing com- 



pound passes through the grooves 1 03 A and 1 03B pro- 
vided in the supporting base plate 103, and completely 
seals the gapped area betwe n the orrf ic plate 1 04 and 
the front end surface of the supporting base plate 103. 
That is, the shaded portion as shown in Fig. 7 is filled 
with the sealing compound. The sealing compound in 
the present embodiment is a two-part setting poly- 
urethane adhesive which permits the admission of little 
air into the liquid chamber 107 and which is suitable for 
the sealing of the wire bonding as mentioned above. Its 
available viscosity is within the range form 3,000 to 
7,000 cps and making the viscosity, making a higher 
value than that of the prior art. 

The groove 1 03B formed in the upper surface of the 
supporting base plate 103 can be press-molded in the 
case of mass production. A plurality of the grooves 
103B may be formed, and in this case, these grooves 
may be arranged in a parallel or in a radial form. The 
shape of this groove may be square or semicircular in 
cross section. Figs. 9A to 9D show examples of its 
shape. Irrespective of the number and shape of the 
grooves 1 03B, it is necessary to determine the method 
of applying the adhesive for the heater board 101, the 
thickness of the adhesive, etc. so that the adhesive may 
not fill up these grooves. 

As described above, the supply of the sealing com- 
pound into those gaps can be facilitated by the grooves 
provided in the supporting base plate 103 below the 
heater board 101 with regard to the sealing of the gaps 
between the front end surface of the supporting base 
plate and the orifice plate region. Hence, the use of a 
high-viscosity sealing compound can be achieved in the 
present invention. 

Embodiment 2 

Fig. 10 is an exploded perspective view of the ink jet 
recording head in accordance with the present inven- 
tion. 

In Fig. 10, the reference numerals 1105a, 1105b 
and 11 05c denote electro-thermal converting elements 
provided at predetermined positions of a heater board 
1102. The heater board 1 102 is provided on a support 
member 1 101. A top plate member 1 103 is constituted 
of an integral combination of an orifice plate 11 03 A 
where orifices 1 1 06a, 1 1 06b and 1 1 06c are open, and a 
top plate 1 103B where the grooves for the ink passages 
and a common liquid chamber are provided. 

An ink jet recording head is constituted by joining 
the top plate member 1 103 with the heater board 1 102 
together by use of adhesives 1104a and 1104b. The 
joining of the top plate member 1103 and the heater 
board 1 102 requires the registration of these members. 
A mechanism of positional adjustment for this purpose 
will be described below. 

Fig. 1 1 is a block diagram showing an assembled 
apparatus for use in the present embodiment. 

The support member 1101 onto which the heater 
board 1 102 is fixed is gripped by a support member 10 
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for gripping jig. The support member 10 is provided to 
be movable in the Y, Z and X directions via a portion 1 1 
for gen rating joint force by means of a Y stage 5a, a Z 
stage 6a and an X stage 7a, respectively. The portion 
1 1 generates a pressure in contact with the top plate 5 
member 1 103 and the heater board 1102, thus bringing 
the top plate member 1103 and the heater board 1 102 
into close contact. 

The top plate member 1 103 is mounted to a spacer 
8 via the top plate members 9a and 9b for gripping jigs. 10 
The spacer 8 is mounted to a surface plate 1 so as to be 
movable by a Y stage 2a, a Z stage 3a and an X stage 
4a. 

To move the heater board 1102 for registration, 
there are used the Y stage 5a for moving it in the Y 15 
direction, the Z stage 6a for moving it in the Z direction, 
and the X stage 7a for moving it in the X direction. That 
is, the position of the heater board 1102 is determined 
primarily by the Y stage 5a, Z stage 6a and X stage 7a. 

To move the top plate member 1 1 03, there are used 20 
the Y stage 2a for moving it in the Y direction, the Z 
stage 3a for moving it in the Z direction to move the top 
plate member 1 103 used and the X stage 4a for moving 
it in the X direction. The Y stage 2a, Z stage 3a and X 
stage 4a determine the position of the top plate member 25 
1 103. That is, the positions of the orifices 1 106a, 1 106b 
and 1 106c are determined primarily by these stages. 

An optical system for detecting the positions of the 
electro-thermal converting elements 1105a, 1105b and 
1105c is composed of an objective lens 31 , an objective 30 
lens holder 32, an illumination member 33a, a optical 
system 34 for discriminating focal situation, a lens-bar- 
rel 35, and an I TV camera 36. This optical system is 
mounted to the surface plate 1 via a supporting column 
(not shown). 35 

The optical system 34 mentioned above transmits a 
signal to for detecting focal situation to a control compu- 
ter 50 via a focal situation detector 70. The ITV camera 
36 transmits an image signal to an image processing 
unit 60 via a signal converter 64. In this way, a mecha- 40 
nism for detecting the positions of the electro-thermal 
converting elements is constituted. 

For performing registration, an optical system for 
detecting the positions of the orifices 11 06a, 1 106b and 
1106c of the orifice plate 11 03 A is composed of an 45 
objective lens 21, an objective lens holder 22, an illumi- 
nation member 23a, an optical system 24 for discrimi- 
nating focal situation, a lens-barrel 25, and an ITV 
camera 26. This optical system is mounted to the sur- 
face plate 1 via a supporting column (not shown). The so 
optical system 24 transmits a signal for detecting focal 
situation to the control computer 50 via a focal situation 
detector 71 . The ITV camera 26 transmits an image sig- 
nal to the image processing unit 60 via a signal con- 
verter 65. In this way, a mechanism for detecting the ss 
positions of the electro-thermal converting elements is 
constituted. 

Fig. 12 is a perspective view for illustrating the 
details of the above-described optical system for detect- 
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ing the positions for the electro-thermal converting ele- 
ments. 

When the registration of th lectro-thermal c n- 
verting element 1105 is to be carried out, the support 
member 1101 is moved in the directions indicated by 
arrows 5 and 7 as shown in Fig. 12 by operating the Y 
stage 5a and X stage 7a, respectively, while confirming 
the position of the electro-thermal converting element 
1 105 with the ITV camera 36. 

In Fig. 12, the reference numerals 5, 6 and 7 desig- 
nate the Y, Z and X directions in which the heater board 

1 102 is moved. In Fig. 12, the same reference numerals 
as in Fig. 1 1 represent the same construction as shown 
in Fig. 11. 

Fig. 13 is a schematic view of an image obtained 
with the ITV camera 36. 

In Fig. 13, x 1 designates the coordinate value in the 
X direction as calculated after processing the image 
obtained with the ITV camera 36 by means of the image 
processing unit 60. The image processing unit 60 trans- 
mits the value of x 1 for the position of the electro-ther- 
mal converting element 1105 to the control computer 
60, which stores this data. The coordinate value in the Y 
direction can be obtained in the same manner. On the 
basis of the coordinate values in the X and Y directions 
that have been stored, the X stage 7a and the Y stage 
5a are moved to move the heater board 1 102, thereby 
performing the registration of the electro-thermal con- 
verting element 1105. 

Fig. 14 is a perspective view illustrating the details 
of the optical system for detecting the position of the ori- 
fice. 

When the registration of the orifice 1106 is to be 
carried out, the top plate member 1 103 is moved in the 
directions indicated by arrows 4 and 3 by operating the 
X stage 4a and Z stage 3a, respectively, while confirm- 
ing the position of the orifice 1 106 with the ITV camera 
26. 

In Fig. 14, the reference numerals 2, 3 and 4 desig- 
nate the Y, Z and X directions in which the top plate 
member 1 103 is moved. 

In Fig. 14, the same reference numerals as shown 
in Fig. 11 represent the same constructions as in Fig. 
11. 

Now, referring to Fig. 1 1 again, a light guide 45 is 
installed beside the top plate member 1103. This light 
guide 45 enables ultraviolet rays emitted by an ultravio- 
let light source 57 to be projected onto the adhesive 
1104 at a joint portion between the top plate member 

1103 and the heater board 1 102, whereby the adhesive 
can be set. 

The image processing unit 60 calculates the posi- 
tions of the orifice and the electro-thermal converting 
element on the basis of image signals obtained with the 
ITV cameras 26 and 36, and transmits this data to the 
control computer 50. To the image processing unit 60 
are connected an ITV monitor 63 for confirming an 
image measured, a keyboard 62 for entry of an appara- 
tus for adjusting program and inputting data, and a CRT 



EP0 786 348 A1 



9 



17 

monitor 61 for data display, thereby establishing an 
man-machine interlace. 

The control comput r 50 calculates the data trans- 
mitted by the focal situation detectors 70, 71 and the 
i mage processing unit 60 . On the basis of such data, the s 
control computer 50. drives and controls the stages 2a, 
3a, 4a and 5a, 6a and 7a via stage drivers 80 to 85, 
thereby moving the top plate member 1103 and the 
heater board 1 102 to bring the positions of the heater 
and the orifice into agreement. 10 

These operations are performed on the basis of an 
operation program stored in a program disk 54. To the 
control computer 50 are connected an operating panel 
56 for operating the assembled apparatus, a keyboard 
52 for setting and switching the operation program, a is 
CRT monitor 51 for data display, a printer 53 for data 
recording, and a data disk 55 for data storage, thereby 
establishing a man-machine interface. 

Next, details of assemblage of the Inkjet recording 
head in accordance with the present embodiment will 20 
be described by use of Fig. 15. 

Fig. 1 5 shows a situation in which when the record- 
ing head is to be assembled, the top plate member 1 103 
and the support member 1101 having the heater board 
1 1 02 fixed thereto are supplied to the top plate member 25 
for gripping jigs 9a, 9b and the support member for grip- 
ping jig 10. 

In Fig. 15, the top plate members for gripping jigs 
9a, 9b and the support members for gripping jig 10 are 
positioned at places retreated from the position of 30 
assembly operation a, by operating the X stages 4a and 
7a r thus facilitating automatically or by use of a robot. 
Then, the X stage 7a is operated to move a calibration 
chart 40 fixed onto the base plate for gripping jig 10 to 
the position of assembly operation a. 35 

In Fig. 15, the same reference numerals as in Figs. 
10 and 11 represent the same members, and for this 
reason their descriptions will be omitted. 

Fig. 16A shows a method for calibrating a deviation 
of the position of detection by mechanism 31 to 36 for 40 
detecting a heater position and an orifice detection 
mechanism 21 to 26 for detecting the orifice position by 
use of a calibration chart 40. 

In Fig. 16A, when a corner of the rectangular paral- 
lelepiped calibration chart 40 is measured with the 45 
mechanism 31 to 36 for detecting the position of the 
lectro-thermal converting elements and the orifice 
detection mechanisms 21 to 26 in the positional rela- 
tionship, the images obtained with the ITV cameras 36 
and 26 are as shown in Figs. 16B and 16C. so 

In Figs. 16B and 16C, x b and x c designate the coor- 
dinate values obtained, when images obtained with the 
ITV cameras 36 and 26 are processed and calculated 
by the image processing unit 60. Since Xb and x c are the 
measured results of the same place of the calibration ss 
chart 40. Ax 3 = x b - x c is determined by the deviation 
of the optical axis between the mechanism 31 to 36 for 
detecting the position of the electro-thermal converting 
elements and a detection mechanism 21 to 26 for 
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detecting the position of the orifices. 

Here, the image processing unit 60 transmits the 
measured values of x^, and % to the contr I c mputer 
50, which calculates and stores the amount of deviation 
of the optical axis, Ax 3 = x b - x c . 

Then, the X stage 7a is operated to move the sup- 
port member 1101 and heater board 1102 held on the 
support member for gripping jig 10 to the position of 
assembly operation a (see Fig. 15). 

Fig. 17A shows a manner in which the position of 
the electro-thermal converting element 1105 on the 
heater board 1 102 is measured with the use of the posi- 
tion detection mechanism 31 to 36 for the electro-ther- 
mal converting element. In Fig. 16A ( the deviation of the 
heater board 1 102 from the focus is measured with the 
optical system 34 for discriminating the focal situation 
and the focal situation detector 70. and this data is 
transmitted to the control computer 50. The computer 
50 calculates the amount of deviation, and operates the 
Z stage 6a, to bring about a focal situation. 

Then, the deviation of the end of the heater board 
1 102 from the focus is measured with the optical system 
24 and the focal situation detector 71, and this data is 
transmitted to the control computer 50. The computer 
50 calculates the amount of deviation, and operates the 
Y stage 5a, to bring about a focal situation. This proce- 
dure gives a clear image of the electro-thermal convert- 
ing element 1 105 as shown in Fig. 17B. 

Then, the X stage 4a is operated to bring the top 
plate member 1103 gripped by the top plates for grip- 
ping jigs 9a, 9b to the position of assembly operation a. 

Figs. 18A to 18G show procedures for conforming 
the position of the orifice to the position of the electro- 
thermal converting element, followed by fixing these 
positions. 

Since the top plate member 1 1 03, the heater board 

1102 and the electro-thermal converting element 1105 
are microscopically processed parts, they may be dam- 
aged if an excessive force is applied. Hence, an external 
force to be exerted on the top plate member 1 103, the 
heater board 1102 and the electro-thermal converting 
element 1105 needs to be minimized during adjust- 
ment 

The assembly procedure will be described with ref- 
erence to Figs. 18A to 18G. 

When the top plate member 1 103 is to be brought 
to the position of assembly operation a, the top plate 
member 1103 is positioned above the heater board 
1102, with determined gaps Az and Ax secured there- 
between as shown in Rg. 18A. The top plate member 

1 1 03 and the heater board 11 02 can be prevented from 
being damaged when the top plate member 1 103 being 
moved is slid on the heater board 1 102. Then, the top 
plate member 1 1 03 is moved in the directions of arrows 
3 and 2 as shown in Figs. 18B and 1 8C by means of the 
Z stage 3a and the Y stage 2a, bringing the top plate 
member 1 103 and the heater board 1 102 into contact. 

Then, the X stage 4a is operated to move the elec- 
tro-thermal converting element 1105 and the orifice 
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1106 in the direction of arrow 4, thereby bringing their 
positions into conformity. At this time, if the thickness of 
the top plate memb r 1103 is large, a fractional f rce 
produced between the top plate member 1 103 and the 
heater board 1 102 is large, thus taking the risk of dam- 5 
aging both members during their registration. If the 
thickness of the top plate member 1 103 is small, on the 
other hand, a gap appears between the top plate mem- 
ber 1 103 and the heater board 1 102, making the move- 
ment of the top plate member 1103 unstable during w 
registration, and making accurate registration impossi- 
ble. Hence, the thickness of the top plate member 1 103 
needs to be measured. The method for measuring the 
thickness of the top plate member will be described in 
the following. 75 

In Fig. 18C, when the top plate member 1103 and 
the heater board 1102 are brought into close contact, 
the mechanisms 21 to 26 are used to measure the posi- 
tion of the orifice 1106. Fig. 18D shows the situation of 
measuring the position of the orifice 1106, and an 20 
image as shown in Fig. 18E is obtained with the 17V 
camera 26. En Fig. 18E, z 2 and x 2 designate the coordi- 
nate values in the z and x directions, respectively, these 
values have been obtained by processing and calculat- 
ing on the image of the orifice 1106 obtained with the 25 
ITV camera 26 by means of the image processing unit 
60. The image processing unit 60 transmits the meas- 
ured values z 2 and x 2 to the control computer 50, which 
in turn calculates the value for t = z , ■ z 2 from the 
value of z 1 , the position of the top plate member for grip- 30 
ping jig 9b, the position of the orifice Z 2 at this time, 
whereby the thickness t of the top plate member 1 103 is 
determined. The pressure of contact between the top 
plate member 1 103 and the heater board 1 102 can be 
made constant by moving the Z stage on the basis of 3s 
the value t 

Then, the control computer 50 calculates Ax m , the 
amount of movement of the orifice on the basis of the 
already stored values, i.e. the coordinate value x 1 of the 
heater 1 105, the deviation Ax 3 of the optical axis of the 40 
position detecting mechanism, and the position x 2 of the 
orifice measured as shown in Figs. 18D and 18E. Ax m 
can be calculated as follows: The amount of movement 
of the orifice Ax m = x n - x 2 + Ax 3 . The control compu- 
ter 50 actuates the X stage 4a on the basis of the value as 
Ax™, bringing the position of the electro-thermal con- 
verting element and the position of the orifice into con- 
formity 

Then, the Z stage 3a is moved from z 1 to z 3 in the 
direction of arrow 3 as shown in Fig. 18F At this time, a so 
pressure is exerted on a portion 1 1 for generating join- 
ing force, which in response to this, generates a resist- 
ing force in a direction opposite to the direction of the 
movement of the Z stage 3a. Since the top plate mem- 
ber 1 103 is fixed in place by means of the top plate grip- ss 
ping jig 9b, a stress N is concentrated in the contact 
portion between the top plate member 1103 and the 
heater board 1 102. This stress N acts as a joining force, 
securing a close contact between the top plate member 



1 103 and the heater board 1 102. 

As shown in Fig. 18G, ultraviolet rays are irradiated 
from the light guide 45 nto the adhesiv 1 04, ther by 
setting the adhesive. Thus, the registration and assem- 
bly of the top plate member 1 103 and the heater board 

1 102 are completed. After each stage has been moved 
to the positions as shown in Fig. 1 5, an assembly is dis- 
charged automatically or by use of a robot, thereby 
completing a series of steps for assembling the record- 
ing head. Successively, a next top plate member 1103 
and a next support member 1 101 are supplied to permit 
an continuous assembly operation. 

Then, the method of forming orifices will be 
described. A first method of orifice formation comprises 
the steps of joining the orifice plate to an end surface of 
the top plate which has been, processed to have 
grooves for ink passages and then of irradiating a laser 
beam onto the orifice plate through the mask, thereby 
forming orifices. 

Fig. 19 is a schematic constructional view of an ori- 
fice forming apparatus for processing an orifice by the 
use of a laser beam. In Fig. 19, the laser beam is irradi- 
ated onto the orifice plate at its front surface. The refer- 
ence numeral 201 designates an ultraviolet laser 
machine, 202 a laser beam irradiated by the ultraviolet 
laser machine 201 , 203 a lens system, 204 a mask with 
all or some of patterns of the orifice, 1102 a heater 
board, and 5a, 6a and 7a stages for moving the heater 
board 1 102 in the Y, Z and X directions. 

The second method for forming orifices is to irradi- 
ate an ultraviolet laser beam onto a top plate member 

1103 composed integrally of a top plate and an orifice 
plate from its rear surface with grooves for the ink pas- 
sages formed. 

Fig. 20 is a schematic constructional view showing 
another orifice forming apparatus for forming an orifice 
with the use of a laser beam. In this drawing, the same 
elements as shown in Fig. 19 designate the same refer- 
ence numerals. 

The ultraviolet laser beam source for use is a KrF 
excimer laser apparatus, which produces a pulsed laser 
beam with a wavelength of 248 nm and a pulse width of 
15 nsec. The lens system includes synthetic quartz 
lenses with an anti-reflection coating. The mask is an 
aluminum-vapor-deposited projection mask capable of 
shielding the KrF laser beam. 

Rgs. 21 A and 21 B show schematic views of the top 
plate member 1 103 in accordance with the embodiment 
of the present invention. 

As shown in Fig. 21, the orifices formed in an orifice 
plate 1 103A of the present embodiment include square 
and round orifices. The, orifices of such shapes are 
obtained by irradiating laser beam onto the orifice plate 
1 103 A through the mask by means of the apparatuses 
as shown in Figs. 19 and 20. The orifice plate 1103 of 
the present embodiment is provided integrally with the 
top plate 1 1 03B as shown in Fig. 21 B. 

Fig. 21 A is a schematic rear view of the members of 
Fig. 21 B as viewed in the direction of an arrow A, and 
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Fig. 21 B is a schematic perspectiv view of the orifice 
plate 1103. 

As ar apparent from Figs. 21 A and 21 B, the orifice 
plate 11 03 A has a square orifice 1106* formed in the 
center, and round orifices 1106 arranged in a row on s 
both sides of the square orifice 1106'. The reference 
numeral 1 107 is an ink feed port for feeding an ink to the 
common liquid chamber (not shown). 

This formation of one orifice different from the other 
orifices in shape facilitates the aforementioned registra- 10 
tion of the electro-thermal converting element 1 105 and 
the orifice 1106. This will be described in more detail 
below. 

The square orifice 1106* can be easily discrimi- 
nated by image recognition on the basis of the data on is 
the different shapes of the other orifices stored in the 
control computer 50. Since the position of the square 
orifice 1 106' in the orifice plate 1 103A has been already 
known, the square orifice 1 1 06' can be registered in cor- 
respondence to electro-thermal converting element 20 
1105. 

Consequently, the orifice and the electro-thermal 
converting element become free from deviation unlike 
the conventional embodiments, thus making it possible 
to produce a highly reliable ink jet recording head with- 25 
out adversely affecting the ink ejection characteristics. 

In the present embodiment, the orifice 1106* as a 
reference object for registration which is different from 
the orifices 1106 of an ordinary round shape is made 
into a square shape. However, any shape is acceptable 30 
so long as it is different from the round shape. For exam- 
ple, a triangular, hexagonal or trapezoidal shape as 
illustrated in Fig. 22A to 22C may be used. 

Embodiment 3 35 

Fig. 23 is a schematic perspective view showing 
another embodiment of the present invention. 

In the present embodiment, the procedure for form- 
ing orifices using the laser beam is the same as the 40 
aforementioned method of orifice formation. In this 
embodiment, a tiny hole 1218 is formed as a reference 
object for registration in the vicinity of the orifice 1 1 06 at 
the stage of laser beam machining. In this case, the tiny 
hole 1218 is confirmed by image processing in the man- 45 
ner as mentioned above, and then the orifice closest to 
this hole 1218 is detected. Once this orifice is detected, 
the electro-thermal converting element and the orifice 
plate integrated with the top plate are brought into reg- 
istration for joining in the same manner as in embodi- so 
ment 2 to produce an ink jet recording head. 

In this embodiment, the tiny hole 121 8 is perforated 
to detect the position of the orifice, but a cruciform open- 
ing as shown in Fig. 24 may be formed. When its shape 
is to be recognized with an image processing unit, the ss 
cruciform opening can be completely distinguished from 
a dust or a scar because of its characteristic shape, and 
its shape can be discriminated correctly. In addition, 
such a shape clearly includes an X component and a Y 



compon nt in image processing, thus facilitating the 
detection of its position, and permitting the accurate 
registration of th el ctro-thermal c nverting el em nt 
with the orifice. 

Embodiment 4 

Figs. 25 and 26 are a front view and a perspective 
view, respectively, of the top plate in accordance with 
the embodiment of the present invention. 

The top plate has grooves for ink passages and a 
groove for a common liquid chamber formed therein, 
and the joining of such a top plate with the heater board 
formed the electro-thermal converting elements consti- 
tutes the Inkjet recording head. 

In Figs. 25 and 26, the reference numeral 214 des- 
ignates the grooves for ink passages 209a to 209d are 
partitions for forming the grooves for ink passages 214, 
and 21 6A and 21 6B are the reference objects for regis- 
tration which are provided close to both ends of the top 
plate. In this embodiment, the reference objects for reg- 
istration are formed with the same shape and at the 
same pitch as the grooves for the ink passage 214. 

In detail, the reference objects for registration are 
provided between the partitions 209a and 209b and 
between the partitions 209c and 209d so as to have a 
height which is half of the height of the wall of the ink 
passage. The grooves for the ink passages correspond- 
ing to the orifices for ejecting the ink are provided 
between the reference objects for registration. Since no 
ink is ejected from the reference object for registration, 
it is preferred to provide the reference object for registra- 
tion in the vicinity of both ends of the top plate so as not 
to deteriorate the recording grade. 

The top plate is formed with a high ink resistance 
resin, such as polysulfone. polyether sulfone, polyphe- 
nylene oxide or polypropylene by molding. The top plate 
as so molded is mounted to a laser beam apparatus. 
Laser beam machining for orifice formation in the 
present embodiment will be described with reference to 
Fig. 27. 

In Fig. 27, the reference numeral 210 represents an 
orifice plate capable of transmitting a laser beam, 207 a 
top plate made of the above-mentioned resin, 217 and 
218 cameras, 219 a support member for supporting the 
top plate, and 206 a movable stage for moving the sup- 
port member 219. 

The reference objects for registration 21 6A and 
21 6B formed to a half of the height of the partition are 
clearly different in shape from the other grooves for the 
ink passages. Hence, the images of 21 6A and 21 6B 
(see Fig. 25) can be easily confirmed by means of the 
image processing unit. 

Once these images can be confirmed, the registra- 
tion of the images in the X and/ r Y directions is per- 
formed. Namely, the reference objects for registration 
21 6 A and 216B are confirmed by use of the cameras 
217 and 218, respectively, and the registration between 
the grooves for the ink passages which serve as the ref- 
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erence for the movement of the movable stage 206 is 
performed on the basis of their positions and the orifice 
site where the laser beam is to be irradiated. 

Then, the laser beam is irradiated onto that site of 
the orifice plate where the laser beam is to be irradiated, s 
thereby the orifice is formed. The positions of the ori- 
fices to be formed are determined primarily by the refer- 
ence objects for registration 216A and 216B, thus 
permitting the formation of orifices with high accuracy. 

Furthermore, it suffices to input the images at two w 
points, i.e. the reference objects for registration 216A 
and 21 6B, into the image processing unit, thus simplify- 
ing the machining step. 

The reference objects for registration 21 6A and 
216B may be of any shape which is suitable for image is 
recognition, as shown in Figs. 28A to 28D. The objects 
as shown in Figs. 28A to 28D include a component in 
the direction of X axis, and a component in the direction 
of Y axis. For example, the focusing on the lowest por- 
tion of the V-shaped groove in Fig. 28A or on the top of 20 
the inverted V shape in Fig. 28C permits easy detection 
of the position in image processing. 

Embodiment 5 

25 

In this embodiment, as shown in Fig. 29, the refer- 
ence objects for registration are formed dose to both 
ends of the top plate at a pitch half of the pitch of a plu- 
rality of the grooves for the ink passages. When such a 
top plate is laid on the support member and the image 30 
of the pitched groove obtained with the camera is input- 
ted, the image as shown in Fig. 30 is outputted. A por- 
tion showing a variation in the pitch of the groove serves 
as the reference object for registration. Such reference 
objects are confirmed by means of the image process- 35 
ing unit and registered with the grooves for the ink pas- 
sages, whereafter the objective orifices can be formed. 
Therefore, accurate formation of the orifices becomes 
possible. 

In the embodiments 4 and 5, description has been 40 
made under the conditions where orifices will be formed 
in correspondence to the number of ink passages effec- 
tive for ejecting ink 

As in the embodiment 5, however, it is evident that 
the irradiation of laser beam onto portions different in 45 
pitch from the ink passages would not lead to the forma- 
tion of orifices effective for ejecting ink. Accordingly, the 
number of orifices formed with the laser beam passing 
through the mask may be larger than the number of the 
ink passages. so 

Thus, the registration of the top plate may be per- 
formed at any portion, thus permitting a rapid registra- 
tion and a shortened laser beam machining time. Since 
no ink is ejected from the reference object for registra- 
ti n, it is preferred to provide the reference object for ss 
registration close to both ends of the top plate so that 
the recording grade will not be deteriorated. 



Embodiment 6 

Fig. 31 is a perspective view showing the outline of 
an example of the ink jet recording head in accordance 
with the present embodiment. In this drawing, reference 
numerals 308 and 315 designate the substrate and the 
electro-thermal converting element, respectively. 

In this embodiment, the orifice formation by irradia- 
tion of an excimer laser beam from the common liquid 
chamber 320 side onto the orifice plate 310 integrally 
formed with the top plate 307 is the same as shown in 
Fig. 2. 

A top plate 307 according to the embodiment 6 has 
grooves for the ink passages 314, and the orifices 31 1 
formed in an orifice plate 310, the ink grooves 314 and 
orifices 311 being provided in a desired number (two 
orifices in Fig. 31 for simplification). The top plate 307 is 
provided integrally with the orifice plate 310. 

Then, the method of forming the groove for the ink 
passage 314 and the orifice 31 7 will be described. 

The groove for the ink passage 314 can be easily 
formed in the top plate 307 by use of a resin mold in 
which a fine groove of an opposite pattern to that of the 
groove for the ink passage 314 is formed by a technique 
such as cutting. In the present embodiment, the cross 
section of the ink passage perpendicular to the direction 
of ink ejection has a shape broadening progressively 
toward the joint surface between the substrate 308 and 
the top plate 307. 

Molding is performed under the conditions where 
no orifice is formed in the mold. As illustrated in Ftg. 2, 
an excimer laser beam is irradiated by a laser oscillation 
apparatus from the ink passage side of the orifice plate 
onto a position at which an orifice should be formed, 
whereby the resin is removed or evaporated to form the 
orifice. 

Rg. 32 is an explanatory view showing the situation 
in which the orifice plate 310 is laser beam machined. 

As shown in Rg. 5, an orifice is formed by laser 
beam irradiated in the direction of the groove for ink 
passage through the mask. Orifice 31 1 k in the neighbor- 
hood of the center of the orifice array is formed as 
shown at the left end of Fig. 32A. That is, in the shape 
of the orifice 31 1 k , the axis of ejection outlet 320 k and 
the optical axis of laser light 316 k coincide. The axis of 
the orifice 31 1 k at the left end which is formed by laser 
beam does not conform to the axis of ejection outlet 
320 k which is indicated by one-dot chain line, as illus- 
trated earlier. Consequently, it is made into a shape dif- 
ferent from the shape of the orifice in the neighborhood 
of the center of the laser beam. Then, the top plate is 
moved perpendicularly to the central axis of the laser 
beam, and from the nth orifice 31 1 n to the mth orifice 
31 1 m (m>n) are formed using a laser beam. 

Fig. 32B is an explanatory view showing the situa- 
tion after the second laser beam machining. 

Details of the second laser beam machining will be 
described with reference to Fig. 33. 

The irradiation of laser beam Lp results in machin- 
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ing as indicated by lines A and B in Fig. 33. Thus, the 
optical axis 316 n of laser beam Ln does not coincide 
with th axis of ejection outlet 320 n . When machining is 
performed using a laser beam L 1t the orifice plate 310 is 
laser beam machined in a shape as defined by lines C 
and D, since the gradient of the intensity of the laser 
beam L, is opposite to that of the laser beam L^. 
Accordingly, orifice 31 1 n is formed by laser beam L„ at 
the first laser beam machining, and formed with the 
laser beam L 1 at the second laser beam machining. 
After all, the two laser beam machining steps process 
the orifice plate 310 into a shape as defined by lines A 
and D. Thus, the optical axis of laser beam and the axis 
of ejection outlet for ink droplets coincide with each 
other. Orifice 31 1 d (d<k) (not shown) which is not sub- 
jected to two-step laser beam machining is so treated 
that no laser beam is irradiated onto the orifice plate 310 
by disposing a plate material of metal or the like. The 
axes of ink ejection outlets 320 k to 320 m of the orifices 
31 l k to 31 1 m coincide with the optical axes 316 k to 
31 6 m of the laser beam in the orifices 31 1 k to 311 m by 
such two-steps laser beam machining of the orifice 
plate 310 (see Fig. 32C). 

Embodiment 7 

The ink jet recording head has a number of orifices 
for improving recording grade as well as for increasing 
recording speed. 

Next, an explanation will be made for a method of 
producing an ink jet recording head with such multiple 
orifices with reference to Fig. 34. 

According to this embodiment, a laser beam irradi- 
ated from the direction of the groove for the ink passage 
las r-beam machines an orifice plate 310 to form ori- 
fices 31 1 1 to 31 1 32 of a shape as shown in Fig. 5. At this 
time, the center of the laser beam that has passed the 
mask lies between orifices 31 1 15 and 31 1 16 . The orifice 
311 32 at the peripheral portion has a shape facing the 
center of the optical axis because of this characteristic 
of the optical system. 

Then, the top plate is moved only in a direction per- 
p ndicular to the optical axis to form the 32nd orifice, 
31 1 32 , to the 64th orifice, 31 1 64 . At this time, the center 
of the optical axis of the entire laser beam lies between 
the axes of orifice 3 1 1 47 and 31 1 43. As will be described 
in embodiment 8, the axis of the twice-irradiated 32nd 
orifice, 31 1 32 , is formed by laser beam machining so as 
to be symmetrical with respect to the optical axis 31 632. 
The orifice plate 310 being laser beam machined so 
that the 63rd orifice, 31 1 63 , will have a shape facing the 
optical axis 316 32 is the same as the orifice plate 310 
being machined by the first laser beam irradiation, so 
that the 32nd orifice, 31 1 32 , will have a shape facing the 
optical axis. 

The 63rd orifice, 311 63 , to the 94th orifice, 311 g4 , 
are formed by the same method as described above. In 
this manner, the orifice plate 310 is laser beam 
machined successively, making it possible to form a 



number of orifices symmetrically with respect to the 
optical axis. 

Embodiment 8 

5 

Fig. 35 is a schematic perspective view showing the 
embodiment of the present invention. 

In Fig. 35, the reference numeral 501 designates a 
laser oscillator, 521 to 525 represent a laser optical sys- 

10 tern for orifice formation, 531 is an illumination appara- 
tus for observing the orifice plates 581 and 582, and 
532 is a reflecting mirror which projects laser beam from 
the illumination apparatus 531 onto the orifice plates 
581 and 582, and which is lowered during irradiation of 

15 a laser beam for passing through the orifice plates 581 
and 582. Reference numerals 533, 533' are objective 
lens and lens-barrel for viewing the orifice plates 581 
and 582, 534, 534' are ITV cameras, 535 is a triangular 
mirror for viewing the orifice plates 581 and 582 with 

20 right and left observation systems, 541 to 545 represent 
adjusting stages for registering the orifice plates 581 
and 582, 505 is an apparatus for processing an image 
entered by the ITV cameras 534 and 534\ 506 is a con- 
trol box for controlling the whole apparatuses, 571 is a 

25 wiring for controlling the ON/OFF operation of the laser 
beam, 572 is a communication circuit for controlling the 
power, etc. of the laser beam, 573 is a communication 
circuit for controlling or transmitting and receiving data 
to and from the image processing unit, 509 is a finger for 

30 feeding and discharging the orifice plate from a sepa- 
rate container to the adjusting table, or vice versa, and 
510 is a box for placing a defective orifice plate therein. 
The reference numeral 511 is an adjusting stage for 
moving a mask 524 in the direction of the optical axis of 

35 the laser beam. 

Figs. 36A and 38B are schematic views showing 
images of both ends of the orifice plates as viewed with 
the ITV cameras 534 and 534', respectively. 

These images are obtained when focusing on the 

40 2-1 surface of the orifice plates as shown in Fig. 37. The 
position of this inverted trapezoidal groove is registered 
with the position of laser irradiation by means of the 
adjusting stages 541 to 545. The mirror for illumination 
532 is lowered upon registration of both positions, and a 

45 laser beam is irradiated to perforate an orifice in an ori- 
fice plate disposed in front of the groove. 

Fig. 38 is a schematic views showing images of the 
orifice plates as observed with the two ITV cameras. 
In Fig. 38, Pm denotes the distance between the ink 

so passages, while Pa represents the distance between 
the orifices. 

Focusing the observation system on the 2-2 surface 
as shown in Fig. 37 gives an image of only orifices as 
shown in Fig. 39. For example, the diamet r or area of 
55 the orifice can be determined easily by observing the 
picture elements of the orifice image. 

If the area of the orifice so determined is not within 
the prescribed range, it is possible to perform laser 
beam machining so as to obtain the desired diameter or 
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area of the orifice by controlling the laser power and/or 
the irradiation time on the basis of a characteristic graph 
showing th laser power vs. th orifice area as shown in 
Fig. 40, or a characteristic graph showing the laser irra- 
diation time vs. the orifice area as shown in Fig. 41 . £ 

The above-described construction can be applied 
to the examination of the orifice machined by the laser 
beam. The diameter or area of the orifice formed are 
measured in detail. If the orifice plates are outside the 
specifications, the defective orifice plate is dropped into w 
the discharge box 510 during its discharge or accom- 
modation automatically and by use of the finger 509, 
thus permitting the elimination of defective orifice 
plates. 

When the variations in the laser power and the wall is 
thickness of the orifice plate are relatively stably small, 
the tact of the apparatus can be improved by confirming 
the orifice diameter once after laser beam machining is 
performed at plural times. 

20 

Embodiment 9 

In the present embodiment, a construction in which 
varies in the interval between grooves of the ink pas- 
sages can be coped with and the orifices can be formed 25 
accurately without decreasing the operating efficiency 
will be described with reference to Fig. 38. 

In Fig. 38, Pm and Pa are measured with the image 
processing unit 505. If Pm and Pa deviate from the 
specifications, the mask adjusting stage 51 1 is moved in 30 
the direction of the optical axis to calibrate the deviation. 
A characteristic view showing the position of the mask 
and the deviation of the pitch is given as Fig. 42. This 
calibrating procedure is performed at each laser beam 
machining or for each lot (whenever the orifice plate 35 
may be changed) or after a predetermined number of 
laser beam machinings, depending on the degree of 
variations in the orifice plate. Thereby, accurate orifice 
formation becomes possible without decreasing the 
operating efficiency of the apparatus or without discrim- 40 
inating the orifice plate. 

The above construction is applicable to inspection 
of the deviation of the laser beam machined orifice from 
the groove. 

Pm and Pa as shown in Fig. 38 are measured with 45 
the image processing unit 50 after orifice formation. If 
the orifice plates are outside the specifications, the 
defective orifice plate is dropped into the discharge box 
510 during its discharge or accommodation automati- 
cally or by use of finger 509, thus permitting the elimina- so 
tion of defective orifice plates. 

If there are large variations in the groove distances 
between the ink passages as another embodiment, it 
results in inconsistency between the center of each ori- 
fice formed in th groove and the center of laser beam ss 
in each orifice. Thus, the orifice plate for examination 
should be perforated not in the grooves as in Fig. 38, but 
thereby obtaining accurate distances between the ori- 
fices in the upper part of the grooves. Of course, the 



measurement for this purpose should be performed 
after a certain number of laser beam machinings, and 
the orrfic plates with such defects are rejected as 
defective works. 

The laser beam for use in the embodiments 2 to 9 
may be various types of laser beam, but an excimer 
laser with high output in the ultraviolet region is used 
preferably. 

In comparison with customary lasers for machining 
(YAG laser, C0 2 laser, etc.), an excimer laser has the 
following characteristics. 

1) An excimer laser has a very short wavelength. 
Because of a high photon energy (e.g. a quantum 
energy of 6.4 eV in ArF laser beam with a wave- 
length of 193 nm, a quantum energy of 4.9 eV in 
KrF laser light with a wavelength of 248 nm), a pho- 
tochemical reaction utilizing electron transition can 
be induced effectively, thereby lowering the temper- 
ature for laser beam machining. 

2) An excimer laser has a high resolution. Because 
of a short oscillation wavelength, the breadth of dif- 
fraction is small, thus permitting laser beam 
machining with a high resolution (<1 p,m). 

3) Large-area irradiation of an excimer laser is pos- 
sible. Unlike ordinary lasers, an excimer laser oscil- 
lates with a very higher transverse multimode 
(mode number: up to 10 5 ), thus keeping low the 
contrast of a spectrum produced by the interference 
of the laser beam. Hence, a sharp image can be 
obtained, when, for example, pattern transfer is per- 
formed via the mask. 

The excimer laser is capable of oscillating ultravio- 
let rays and is advantageous in terms of high intensities, 
satisfactory monochromatic properties, directivities, 
short-pulse oscillations and lens-assisted convergence 
giving a very high energy density. 

An excimer laser oscillator is an apparatus capable 
of oscillating short-pulse (15-35 ns) ultraviolet rays by 
exciting a mixture of a noble gas and a halogen gas 
upon discharge. Common examples of the excimer 
laser are Kr-F, Xe-CI and Ar-F lasers. Their oscillation 
energy is several hundred mjypulse, and their pulse fre- 
quency is 30-1,000 Hz. 

When the short-pulse ultraviolet light with a high 
luminance such as an excimer laser beam, is irradiated 
onto the surface of a polymer resin, there occurs an 
ablative photodecomposition (ADP) process in which 
the irradiated portion decomposes and scatters instan- 
taneously with plasma light emission and a crashing 
sound. This process enables the polymer resin to be 
processed. 

Comparisons will be made between the accuracy 
and precision of machining by an excimer laser and 
those of other lasers. For example, an excimer laser and 
other lasers such as YAG laser or CO2 laser are irradi- 
ated onto a polyimidefilm. In this case, that wavelength 
for poiyimide film at which the light is absorbed is in the 
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UV region, so that a ct arly demarcated hole is opened 
by a KrF laser. With a YAG laser with wavelengths out- 
sid th UVregi n, on the ther hand, a hole is opened, 
but its edge surface becomes rough. A C0 2 laser of 
infrared rays produces craters around a hole formed. 5 

Chrome stainless steels, opaque ceramics and Si 
are not affected by the irradiation of excimer laser beam 
in the open air atmosphere. 

Therefore, they can be used as masking materials for 
machining by excimer laser. 10 

Figs. 43 to 47 are explanatory views for illustrating 
an ink jet unit (UU), an ink jet head (IJH), an ink tank 
(IT), an ink jet cartridge (IJC), an ink jet recording appa- 
ratus body (IJRA), and a carriage (HC) which are pre- 
ferred for the application of the present invention, and 15 
the relationships among these constituent members. 
Each component structure will be described with refer- 
ence to these drawings. 

The ink jet cartridge (IJC) in the present embodi- 
ment, as seen from the perspective view of Fig. 44, has 20 
a large capacity for accommodating the ink, and has 
such a shape that a front end portion of the ink jet unit 
UU projects slightly from the front face of the ink tank IT 
This ink jet cartridge IJC is fixed and supported by a 
positioning means and an electric contact (to be 25 
described later) of the carriages HC (Fig. 46) which is 
laid on the ink jet recording apparatus body IJRA. The 
ink jet cartridge IJC is also of a disposable type detach- 
able from the carriage HC. Figs. 43 to 47 show con- 
structions to which a number of novel techniques so 
achieved during the establishment of the present inven- 
tion have been applied. The whole constitution of the 
present invention will be described along with a brief 
explanation for these constructions. 

35 

(i) Construction of the ink jet unit UU 

The ink jet unit UU is a unit of an ink jet apparatus 
in which an electro-thermal converting element gener- 
ates thermal energy to produce film boiling in the ink for 40 
performing recording in response to an input electric 
signal. 

In Fig. 43, the reference numeral 1 150 denotes a 
heater board composed of electro-thermal converting 
elements arranged in an array geometry on a silicon 45 
substrate and an electric wiring made of aluminum 
which supplies an electric power to the electro-thermal 
converting elements, the constituent elements being 
formed by a film forming technology. Reference numeral 
1250 denotes a wiring substrate connected to the so 
heater board 1 150 formed a wiring corresponding to the 
wiring of the heater board 11 50 (these wirings are con- 
nected together, for example, by wire bonding), and 
pads 1201 located at an end portion of the wiring for 
receiving electric signals from the apparatus body. 55 

Reference numeral 1300 denotes a grooved top 
plate provided with partitions for defining individual an 
ink passage and a common liquid chamber for accom- 
modating the ink to feed the ink to each ink passage and 



so forth. The grooved top plate 1300 is a one-piece 
molded product consisting of the ink receptacle port 
1500 for receiving the ink supplied from the ink tank IT 
and introducing the ink into the common liquid chamber, 
and an orifice plate 400 having a plurality of ink ejection 
outlets corresponding to the respective ink passages. 
Although the preferred material for the on -piece 
molded product is polysulfone, another kind of molding 
resin may be acceptable. 

Reference numeral 350 denotes a support member 
made of, that is, a metal which supports the reverse side 
of the wiring substrate 1250 by a flat surface thereof, 
and which defines a bottom of the ink jet unit. Reference 
numeral 500 denotes a presser spring shaped like a tet- 
ter M. The presser spring 500 slightly presses the com- 
mon liquid chamber with the center of the presser 
spring in a shape of the letter M, and at the same time, 
its apron portion 1501 presses a portion of the ink pas- 
sage, preferably, a region in the neighborhood of the 
ejection outlet, with a linear pressure generated when a 
force is concentrated at the apron portion 1501. Legs of 
the presser spring 500 penetrate through holes 3121 of 
the support member 350 and are fixed in the reverse 
side of the support member 350 so that the heater 
board 1 1 50 and the top plate 1 300 are held between the 
presser spring 500 and the support member 350. That 
is, the heater board 1 150 and the top plate 1 300 can be 
fixed and contacted to each other by a rebound force 
generated with the presser spring 1510 and its apron 
portion 1501. 

The support member 350 has locating holes 1312, 
1900 and 2000 into which the locating protrusion 1012 
and protrusions 1800, 1801 for locating and supporting 
by heat fusion are inserted respectively. These protru- 
sions 1012, 1800 and 1801 are provided on the ink tank 
IT. The support member 350 has protrusions 2500 and 
2600 for locating the carriage HC of the apparatus body 
IJRA in its rear side. In addition, the support member 
350 has a hole 1320 through which an ink supply pipe 
2200 (to be disclosed later) of capable of supplying ink 
from the ink tank IT is inserted. The mounting of the wir- 
ing substrate 1250 on the support member 350 is per- 
formed by bonding with an adhesive or the like. 
Concave portions 2400a and 2400b of the support 
member 350 are provided in the neighborhood of the 
locating protrusions 2500 and 2600, respectively. In the 
assembled ink jet cartridge IJC (see Fig. 44), the con- 
cave portions 2400a and 2400b are located on the 
extension line from the apex portion of the recording 
head unit UU, three sides of which are defined by a por- 
tion having a plurality of parallel grooves 3000 and 
3001. Therefore, the concave portion 2400 makes it 
possible to keep an unfavorable dust and ink sludge 
away from the protrusions 2500 and 2600. As will be 
seen from Fig. 46, a cover member 800 on which the 
parallel grooves 3000 are formed constitutes an outer 
wall of the ink jet cartridge IJC and defines a space for 
accommodation of the ink jet unit UU together with the 
ink tank An ink supply member 600 having another par- 
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altet grooves 3001 includes an ink conduit 1600 which is 
arranged as a cantilever with its fixed end on the side of 
the ink supply pipe 2200 and is connected to the ink 
supply pipe 2200. A sealing pin 602 is inserted into the 
ink conduit 1600 for securing a capillary action between s 
the lixed end of the ink conduit 1600 and the ink supply 
pipe 2200. In addition, reference numeral 601 denotes a 
packing for sealing a joint portion between the ink tank 
IT and the ink supply pipe 2200. In addition, reference 
numeral 700 denotes a filter placed at the end portion of 
the ink supply pipe 2200 on the side of the ink tank IT. 

Since the ink supply member 600 is molded, it is 
attained at a low cost and is finished with positional 
accuracy, thus increasing in the accuracy and precision 
of production of the ink supply member 600. Further- 
more, it is possible to keep a stable state pressure weld* 
ing the ink conduit 1600 onto the ink receptacle port 
1500 in mass production in the ink supply member 600 
of the ink supply member 600 owing to the cantilever 
structure of the ink conduit 1600. In this embodiment, it 
is possible to secure a perfect ink flow path without leak- 
age only by pouring a sealing adhesive from the ink 
supply member side under the conditions of pressure 
welding. The fixing of the ink supply member 600 to the 
support member 350 is performed easily by putting pins 
(not shown) at the rear side of the ink supply member 
600 into holes 1901 , 1902 of the support member 350, 
and bonding the protruding portions of the pins with the 
rear face of the support member 350 by heat fusion 
method. These heat-bonded slight projections of the 
pins are held in a relevant concave portion (not shown) 
on the side surface of the ink tank IT where the ink jet 
unit IJU is mounted. Thus, the positioning side of the ink 
jet unit IJU is fixed correctly with the ink tank IT 

(ii) Structure of the ink tank IT 

The ink tank IT is composed of a cartridge body 
1000, an ink absorber 900, and a cover plate 1 100. The 
cover plate 1 100 is used to seal the ink absorber 900 
after inserting the ink absorber 900 into the cartridge 
body 1000 from the opposite side of the cartridge body 
1000 to its surface where the ink jet unit IJU is mounted. 

The ink absorber 900 is used to be impregnated 
with ink and placed in the cartridge body 1000. Refer- 
ence numeral 1200 denotes an ink supply port for sup- 
plying ink to the ink jet unit IJU comprising of the above- 
mentioned components 100 through the ink supply 
member 600. In addition, the port 1200 is used as an 
inlet for pouring ink into the absorber 900 and impreg- so 
nating with ink prior to disposing the ink jet unit IJU at a 
portion 1010 of the cartridge body 1000. 

In this embodiment, the ink can be supplied into the 
ink tank IT through a port communicating to an atmos- 
pheric air 1401 or said ink supply port 1200. H wever, it ss 
is important to pour ink through the ink supply port 1 200 
for the purpose of pouring ink into the absorber 900 rel- 
atively efficiently and uniformly. This is because the 
empty spac filled with air in the ink tank IT which is 



composed of ribs 2300 in the cartridge body 1000 and 
partial ribs 2400 and 2500 of the cover plate 1100 in 
order to supply ink effict ntly from th absorb r 900, 
occupies a corner space communicating with the port 
1401 and being the most distant from the ink supply port 
1200. This manner of ink supply is very effective for 
practical use. The cartridge body 1 000 has four ribs par- 
allel to the moving direction of the carriage. These four 
ribs are arranged on the rear surface of the cartridge 
body 1000 so as to prevent the absorber 900 from con- 
tacting the rear surface of the cartridge body 1 000 of the 
ink tank. The partial ribs 2400 and 2500 are also placed 
on the inner surface of the cover member 1100 posi- 
tioned on the extension line from the ribs 2300. In con- 
trast with the rib 2300, the partial ribs 2400 and 2500 
are composed of many small pieces so that their vol- 
ume of empty space filled with air becomes larger than 
that for the ribs 2300. The partial ribs 2500 and 2400 
are distributed over a half or less of the whole area of 
the cover member 1 1 00. With these ribs, the flow of ink 
from the corner region of the ink tank IT most distant 
from the ink supply port 1200 is stabilized, so that the 
ink can be introduced securely from every region of the 
absorber 900 into the ink supply port 1200 by capillary 
action. The port communicating to an atmospheric air 
1401 is an open hole provided in the cover member 
1 100 for communicating the inside of the cartridge with 
the atmosphere. Reference numeral 1400 denotes a 
water repellent disposed inwardly of the port communi- 
cating to an atmospheric air 1401 for preventing ink 
leakage from this port 1401 . 

That space of the ink tank IT where ink is accom- 
modated is a rectangular parallelepiped whose longer 
side corresponds to the side of the ink tank IT Hence, 
the layout of the ribs as described above is effective par- 
ticularly in this case. If the ink tank IT has its longer side 
in the direction of the movement of the carriage or has a 
cubic space for ink accommodation, the supply of ink 
from the ink absorber 900 can be stabilized by providing 
the ribs on the whole area of the cover member 1 100. A 
rectangular parallelepiped shape is suitable for accom- 
modating as much ink as possible in a limited space. It 
is important to provide ribs 2300, 2400 and 2500. This 
can achieve the, above effect at two side areas in the 
neighborhood of corners of the ink tank IT to use the 
accommodated ink without waste for recording. In addi- 
tion, the inside ribs of the ink tank IT are almost uni- 
formly distributed in the thickness direction of the ink 
absorber 900 in a rectangular parallelepiped shape. 
This arrangement is important for enabling an atmos- 
pheric pressure to be applied uniformly on the ink 
retained in the ink absorber 900 so that the ink in the ink 
absorber 900 can be used up leaving the least amount 
of waste ink. Furthermore, the technological concept of 
positioning of the ribs will be described in detail below. 
Let it be assumed that the ink supply port 1200 of the 
ink tank is projected onto the top quadrilateral side of 
the rectangular parallelepiped. When a circular arc is 
drawn with the length of the longer side of the ink tank 
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IT as its radius as the center of the position of the pro- 
jection. Here, it is important that the ribs be disposed on 
a plane outward f th circular arc so that an atm s- 
pheric pressure rapidly applies to the ink absorber 900 
positioned outwardly of the circular arc. The port com- 
municating to an atmospheric air 1401 is not restricted 
to the position of the embodiment as long as it can intro- 
duce an atmospheric air into the area where the ribs are 
disposed. 

In addition, in this embodiment, the rear surface of 
the ink jet cartridge UC is made plane so that the space 
required to incorporate the cartridge UC of the appara- 
tus is minimized, and the amount of ink accommodated 
is maximised. As a result, the size of the apparatus is 
made smaller, and the replacement frequency of the ink 
jet cartridge can be reduced. Furthermore, a projected 
portion for providing the port communicating to an 
atmospheric air 1401 is formed by utilizing the rear por- 
tion of the space for integrating the Inkjet unit UU to the 
ink tank IT Inside the projected portion, a hollow is 
formed in which a space 1402 for applying an atmos- 
pheric pressure to the entire thickness of the ink 
absorber 900 is provided. An unprecedentedly excellent 
ink cartridge can be provided by constructing as men- 
tioned above. The space 1402 for applying an atmos- 
pheric pressure is much larger a space than that of a 
conventional apparatus. Since the port communicating 
to an atmospheric air 1401 is located in its upper side, 
the space 1402 can temporarily hold the ink even if the 
ink leaks accidentally from the ink absorber 900. The 
space 1402 can retrieve the ink into the absorber 900 
reliably. 

A structure of the mounting face of the ink tank IT to 
which the unit UU is mounted is shown in Fig. 45. When 
a line L| is taken to be a straight line passing through 
the center of the ink ejection outlet of the orifice plate 
400 and parallel to the bottom face of the ink tank IT or 
to the reference plane on the surface of the carriage, the 
protrusion 1012, for registration to be engaged with the 
hole 131 2 of the support member 350 are on the line L-, . 
The height of the protrusion 1012 is a little less than the 
thickness of the support member 350, and the support 
member 350 is positioned with respect to the protrusion 
1012. On the extension line L 1t as shown in Fig. 45, a 
click 2300 is disposed for engaging with a right angular 
hook surface 4002 of a locating hook 4001 which is pro- 
vided on the carriage. Hence, an action force for posi- 
tioning the cartridge is applied to a surface region 
including the line L-, and parallel to the reference face as 
mentioned above. As will be explained with reference to 
Fig. 47, this layout relationship forms an effective struc- 
ture to make the accuracy of positioning only the ink 
tank equivalent to that of positioning the ink ejection out- 
let of the ink jet recording head. 

In addition, th length of the protrusions 1 800, 1 801 
to be inserted in the holes 1 900, 2000 for fixing the sup- 
port member 350 to the side surface of the ink tank IT is 
greater than that of the protrusion 1012 as mentioned 
above. The proj ctions 1800, 1801 are used for fixing 



the support member 350 on the side surface of the ink 
tank IT by penetrating through the holes 1900, 2000 of 
the support member 350 and by bonding an end portion 
of the protrusions 1800, 1801 with the support member 

5 350 by a heat fusion method. Let L 3 be a straight line 
intersecting perpendicularly with the straight line L 1 and 
passing the protrusion 1800, and let Lg be a straight line 
intersecting perpendicularly with the straight line l^ and 
passing the protrusion 1 801 . Nearly the center of the ink 

10 supply port 1200 as mentioned above is positioning on 
the straight line L 3 , so that, the protrusion 1800 acts for 
stabilizing the state of connection situation between the 
ink supply port 1200 and the ink supply pipe 2200 so as 
to make It possible to reduce an overload on this con- 

is nection situation in the case of their dropping and/or 
shock to them. Since the straight lines L 2 and L 3 do not 
intersect at any point, and there are protrusions 1800, 
1801 in the neighborhood of the protrusion 1012 at the 
side of the ink ejection outlet of the head IJH, a rein- 

20 forcement effect acts for positioning the head UH on the 
ink tank IT. A curve L4 shows a position of an outside 
wall of the ink supply member 600 when the member 
600 is mounted. Since the protrusions 1800, 1801 are 
disposed along the curve L4, they provide enough high 

25 strength and dimensional accuracy by applying the 
weight load of the structure at the front end side of the 
head IJH. Reference numeral 2700 denotes a nose 
flange of the ink tank IT which is inserted into a hole in 
a front plate 4000 of the carriage so as to prevent an 

30 abnormal situation in which the displacement of the ink 
tank becomes extremely large. Reference numeral 
2101 designates a stop for preventing the cartridge UC 
from slipping off the carriage HC, and is placed in corre- 
spondence to a bar (not shown) of the carriage HC. 

35 With this arrangement, when the cartridge UC is 
mounted by being turned on the carriage as will be 
described later, the stop 2101 enters into a lower side of 
the bar, so that, the cartridge UC maintains its position 
even if such an accidental upward force as separating 

40 the cartridge UC from its normal mounting position acts 
on the cartridge UC. 

The unit UU is mounted inside of the cartridge UC, 
and then is closed with the cover 800 so that the unit UU 
is surrounded by the cartridge UC except an under side 

45 of the cartridge UC. However, this under side opening is 
close to the carriage HC when the cartridge is mounted 
on the carriage HC, thereby establishing a substantially 
perfectly closed space around the unit UU. Accordingly, 
although heat generated from the head IJH within this 

so closed space is effective as a heat jacket, the tempera- 
ture of the closed space increases slightly during long- 
term continuous use of the head UH. In this embodi- 
ment, therefore, a slit 1700 with a smaller width than 
that of the closed space is formed in the upper deck of 

ss the cartridge UC for promoting a natural heat dissipa- 
tion from the support member 300. Besides, the slit 
1700 can establish an uniform temperature distribution 
in the whole unit UU irrespective of the environment for 
preventing an increase of temperature within the closed 
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space. 

By assembling the cartridge UC from the ink tank IT 
and the unit IJU, the ink can b fed from th ink tank IT 
into the ink supply tank 600 through the ink supply port 
1 200, the hole 1 320 of the support member 350, and an s 
inlet provided on a rear surface of the supply tank 600. 
After the ink passes through the inside of the supply 
tank 600. the ink flows into the common liquid chamber 
through a suitable supply tube and the ink inlet 1500 of 
the top plate 1 300 from the ink outlet of the supply tank 10 
600. The gaps formed at connecting portions of these 
components for supplying ink are filled with a packing 
such as a silicone rubber or butyl rubber for sealing the 
gaps, and an ink feed route is thus secured. 

As described above, the ink supply member 600, is 
the single module of the top plate with the orifice plate 
and the ink tank body 1000 constitute a one-piece 
molded product. Therefore, a high accuracy of assem- 
blage is attained, and the grade of the mass-production 
is increased remarkably. In addition, the number of 20 
parts may be reduced in comparison with a conven- 
tional assemblage by assembling the parts into a single 
molded component, thus attaining the excellent desired 
characteristics securely. 

In this embodiment, as shown in Figs. 43 to 47, the 25 
ink supply member 600 has an upper surface portion 
603 which forms a slit S (see Fig. 44) with respect to an 
end portion 4008 of the roof portion of the ink tank IT 
which is provided with a slit 1700 after assembly in the 
above manner. Another slit (not shown) similar to the slit 30 
S is formed between a lower surface portion 604 of the 
ink supply member 600 and a head side end portion 
401 1 of a thin plate member to which a lower cover 800 
of the ink tank IT is joined by bonding. These slits 
between the ink tank IT and the ink supply member 600 35 
not only serve to enhance the heat dissipation from the 
slit 1 700, but also prevent undue forces applied to the 
ink tank IT from directly exerting on the supply member 
600 or the ink jet unit IJT 

Anyway, the constructions in this embodiment as 40 
mentioned above are unprecedented, and each of them 
produces marked effects independently, and when com- 
bined with one another, brings about organized effects 
because of its constituent elements 

45 

(iii) Mounting of the ink jet cartridge UC to the carriage 
HC 

In Fig. 46, reference numeral 5000 denotes a platen 
roller for guiding a recording medium P from a lower so 
side of the drawing to its upper side. The carriage HC 
moves along the platen roller 5000. Therefore, the car- 
riage HC has a front plate 4000 (with a thickness of 2 
mm) in front of the ink jet cartridge UC on the forward 
side facing the platen roller 5000. The carriage HC also 55 
has a flexible sheet 4005 provided with pads 2011 cor- 
responding to pads 1201 on the wiring substrate 1250 
of the cartridge UC; a support board 4003 for electrical 
connection which supports a rubber pad sheet 4007 for 



generating an elastic force for pressing the rev rse sid 
of the flexible sheet 4005 onto the pads 2011; and a 
positioning hook 4001 for holding the UC at the record- 
ing position. The front plate 4000 has two locating pro- 
truding surface 4010 corresponding to the 
aforementioned locating protrusions 2500 and 2600 of 
the support member 350. The locating protrucfing sur- 
face 4010 receives a vertical pressure heading for the 
surface 4010 after the cartridge UC is mounted in the 
carriage HC. Hence, the front plate 4000 has a plurality 
of reinforcing ribs (not shown) elongating in the direction 
of opposing the vertical pressure on the side of the 
platen roller 5000. The ribs also form a head for protect- 
ing protrusion which is slightly closer by about 0.1 mm 
to the platen roller 5000 than the position of the front 
surface, L5, of the cartridge UC when mounted. The 
support plate 4003 for electrical connection has a plu- 
rality of reinforcing ribs 4004 elongating in the vertical 
direction to the elongating direction of the above-men- 
tioned reinforcing ribs of the front plate 4000. The 
amount of the protrusion of the ribs 4004 is gradually 
decreased along the direction from the platen roller 
5000 side to the hook 4001 side. This configuration of 
the ribs 4004 also enables the cartridge UC to be posi- 
tioned inclinatorily when mounted, as shown in Fig. 46. 
The support plate 4003 has the locating surface 4006 
on the hook side in order to stabilize electrical connec- 
tion. The locating surface 4006 correspond to the 
above-mentioned protruding surface 4010 and exert a 
force on the cartridge in a direction opposite to the 
direction in which the locating protruding, surface 4010 
exert on the cartridge. The locating surface also has a 
pad contact region defined therebetween, and prescribe 
the amount of deformation of the pads of the padded 
rubber sheet 4007 corresponding to the pad 2011. 
Once the cartridge UC is fixed in the recording position, 
the locating surface 4006 contacts with the surface of 
the wiring substrate 350. Moreover, in this embodiment, 
the pads 201 of the wiring substrate 350 are arranged 
symmetrically with respect to the line L-j. Therefore, the 
amount of deformation of the pads on the rubber sheet 
4007 is made uniform, and a contact pressure between 
the pads 2011 and 201 is more stabilized. In this 
embodiment, the pads 201 are arranged in an array with 
2 center rows, with 2 upper columns and with 2 lower 
columns. 

The hook 4001 has a slot engaging with an fixing 
shaft 4009. The hook 4001 is rotated counterclockwise 
from the position shown in the drawing by use of a mov- 
able space defined by the slot, and then moved leftward 
in parallel to the platen roller 5000, thereby locating the 
ink jet cartridge UC on the carriage HC. Although any 
means may be used to move the hook 4001 in the 
above manner, a movement mechanism with a lever or 
the like is preferable. Anyway, the cartridge UC moves 
to the platen roller side in response to the rotating 
movement of the hook 4001, and at the same time, the 
locating protrusions 2500 and 2600 move to the position 
where they can come into contact with the locating sur- 
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face 4010 of the front plate. Upon the leftward move- 
ment of the hook 4001 , the hook surface 4002 with an 
angle of 90° t the hook 4001 closely contacts with the 
surface with an angle of 90° to the click 2100 of the car- 
tridge IJG. At the same time, the cartridge IJ C is rotated s 
on a horizontal plane about the region of contacting the 
locating surfaces 2500 and 4010. As a result the pads 
201 and 2011 begin to contact each other. When the 
hook 4001 is held in a predetermined position or a fixed 
position, a perfect contact between the pads 201 and 10 
2011, a perfect facial contact between the positioning 
surfaces 2500 and 4010, a two-surface contact between 
the surface 4002 with an angle of 90° to the hook and 
the surface with an angle of 90° to the click 21 00, and a 
facial contact between the wiring substrate 350 and the 15 
positioning surface 4006 are formed. Thus, the mount- 
ing of the cartridge IJC on the carriage HC is com- 
pleted. 

(iv) Outline of the apparatus body 20 

Fig. 47 illustrates the outline of an ink jet recording 
apparatus IJRA to which the present invention is 
applied. A lead screw 5005 is rotated reversibly via 
gears for transmitting driving force 501 1, 5009 in asso- 25 
ciation with the reversible rotation of a driving motor 
5013. The carriage HC meshing with a spiral groove 
5004 of the lead screw 5005 has a pin (not shown) and 
is moved in either direction of arrow a or b. Reference 
numeral 5002 denotes a paper pressure plate, which 30 
presses a paper against the platen roller 5000 over a 
range along the moving direction of the carriage HC. 
Reference numerals 5007, 5008 denote photocouplers, 
which detects the presence of a lever 5006 of the car- 
riage in the region where the photocouplers are dis- 35 
posed. The photocouplers serve as a means for 
sensing home position for switching the direction of 
rotation of the motor 5013 upon sensing of such pres- 
ence. Reference numeral 5016 denotes a support 
member for supporting a cap member 5022 which caps 40 
the front side of the recording head. Reference numeral 
5015 denotes a sucking means for making the inside of 
the cap member 5022 at negative pressures so that the 
ink of the recording head is absorbed through an open- 
ing 5023 within the cap member. Reference numeral 45 
5017 denotes a cleaning blade. Reference numeral 

501 9 denotes a member for enabling the cleaning blade 
5017 to move forward or backward. The cleaning blade 
5017 and the member 5019 are supported by a plate for 
supporting body 5018. As for the cleaning blade 5017, it so 
goes without saying that a well-known cleaning blade is 
applicable to the present invention. Reference numeral 
5012 denotes a lever for starting an absorbing proce- 
dure by the sucking member 5015. The lever 5012 
moves in correspondence to the movement of a cam ss 

5020 which engages with the carriage HC so that a driv- 
ing force from the driving motor 5013 is transmitted to 
the sucking member 5015 by a known transmission 
mechanism such as switching of a clutch. 



These capping, cleaning and absorbing operations 
are so contrived that the desired operation can be per- 
formed at their corresponding p sitions by th action of 
the lead screw 5005 when the carriage has come to the 
region of the home position side. However, any arrange- 
ment in which the desired operation can be performed 
at an appropriate time is applicable to the present 
embodiment 

The present invention achieves distinct effect when 
applied to a recording head or a recording apparatus 
which has means for generating thermal energy such as 
electrothermal transducers or laser light, and which 
causes changes in ink by the thermal energy so as to 
eject ink. This is because such a system can achieve a 
high density and high resolution recording. 

A typical structure and operational principle thereof 
is disclosed in U.S. patent Nos. 4,723,129 and 
4,740,796, and it is preferable to use this basic principle 
to implement such a system. Although this system can 
be applied either to on-demand type or continuous type 
ink jet recording systems, it is particularly suitable for 
the on-demand type apparatus. This is because the on- 
demand type apparatus has electrothermal transduc- 
ers, each disposed on a sheet or liquid passage that 
retains liquid (ink), and operates as follows: first, one or 
more drive signals are applied to the electrothermal 
transducers to cause thermal energy corresponding to 
recording information; second, the thermal energy 
induces sudden temperature rise that exceeds the 
nucleate boiling so as to cause the f 3m boiling on heat- 
ing portions of the recording head; and third, bubbles 
are grown in the liquid (ink) corresponding to the drive 
signals. By using the growth and collapse of the bub- 
bles, the ink is expelled from at least one of the ink ejec- 
tion orifices of the head to form one or more ink drops. 
The drive signal in the form of a pulse is preferable 
because the growth and collapse of the bubbles can be 
achieved instantaneously and suitably by this form of 
drive signal. As a drive signal in the form of a pulse, 
those described in U.S. patent Nos. 4,463,359 and 
4,345,262 are preferable. In addition, it is preferable that 
the rate of temperature rise of the heating portions 
described in U.S. patent No. 4,313,124 be adopted to 
achieve better recording. 

U.S. patent Nos. 4,558,333 and 4,459,600 disclose 
the following structure of a recording head, which is 
incorporated to the present invention: this structure 
includes heating portions disposed on bent portions in 
addition to a combination of the ejection orifices, liquid 
passages and the electrothermal transducers disclosed 
in the above patents. Moreover, the present invention 
can be applied to structures disclosed in Japanese Pat- 
ent Application Laying-open Nos. 123670/1984 and 
138461/1984 in order to achieve similar effects. The 
former discloses a structure in which a slit common to 
all the electrothermal transducers is used as ejection 
orifices of the electrothermal transducers, and the latter 
discloses a structure in which openings for absorbing 
pressure waves caused by thermal energy are formed 
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corresponding to the ejection orifices. Thus, irrespective 
of the type of the recording head, the present invention 
can achiev recording posrtiv ly and effectively. 

The present invention can be also applied to a so- 
called full-line type recording head whose length equals s 
the maximum length across a recording medium. Such 
a recording head may consists of a plurality of recording 
heads combined together, or one integrally arranged 
recording head. 

In addition, the present invention can be applied to 10 
various serial type recording heads: a recording head 
fixed to the main assembly of a recording apparatus; a 
conveniently replaceable chip type recording head 
which, when loaded on the main assembly of a record- 
ing apparatus, is electrically connected to the main 75 
assembly, and is supplied with ink therefrom; and a car- 
tridge type recording head integrally including an ink 
reservoir. 

It is further preferable to add a recovery system, or 
a preliminary auxiliary system for a recording head as a 20 
constituent of the recording apparatus because they 
serve to make the effect of the present invention more 
reliable. As examples of the recovery system, are a cap- 
ping means and a cleaning means for the recording 
head, and a pressure or suction means for the recording 25 
head. As examples of the preliminary auxiliary system, 
are a preliminary heating means utilizing electrothermal 
transducers or a combination of other heater elements 
and the electrothermal transducers, and a means for 
carrying out preliminary ejection of ink independently of 30 
the ejection for recording. These systems are effective 
for reliable recording. 

The number and type of recording heads to be 
mounted on a recording apparatus can be also 
changed. For example, only one recording head corre- 3s 
sponding to a single color ink, or a plurality of recording 
heads corresponding to a plurality of inks different in 
color or concentration can be used. In other words, the 
present invention can be effectively applied to an appa- 
ratus having at least one of the monochromatic, multi- 40 
color and full-color modes. Here, the monochromatic 
mode performs recording by using only one major color 
such as black The multi-color mode carries out record- 
ing by using different color inks, and the full-color mode 
performs recording by color mixing. 45 

Furthermore, although the above-described 
embodiments use liquid ink, inks that are liquid when 
the recording signal is applied can be used: for exam- 
ple, inks can be employed that solidify at a temperature 
lower than the room temperature and are softened or so 
liquefied in the room temperature. This is because in the 
ink jet system, the ink is generally temperature adjusted 
in a range of 30°C - 70°C so that the viscosity of the ink 
is maintained at such a value that the ink can be ejected 
reliably. 55 

In addition, the present invention can be applied to 
such apparatus where the ink is liquefied just before the 
ejection by the thermal energy as follows so that the ink 
is expelled from the orifices in the liquid state, and then 



begins to solidify on hitting the recording medium, 
thereby preventing the ink evaporation: the ink is trans- 
formed from solid to liquid state by p sitively utilizing th 
thermal energy which would otherwise cause the tem- 
perature rise; or the ink, which is dry when left in air, is 
liquefied in response to the thermal energy of the 
recording signal. In such cases, the ink may be retained 
in recesses or through holes formed in a porous sheet 
as liquid or solid substances so that the ink faces the 
electrothermal transducers as described in Japanese 
Patent Application Laying-open Nos. 56847/1979 or 
71260/1985: The present invention is most effective 
when it uses the film boiling phenomenon to expel the 
ink. 

Furthermore, the ink jet recording apparatus of the 
present invention can be employed not only as an 
image output terminal of an information processing 
device such as a computer, but also as an output device 
of a copying machine including a reader, and as an out- 
put device of a facsimile apparatus having a transmis- 
sion and receiving function. 

The present invention has been described in detail 
with respect to various embodiments, and it will now be 
apparent from the foregoing to those skilled in the art 
that changes and modifications may be made without 
departing from the invention in its broader aspects, and 
it is the intention, therefore, in the appended claims to 
cover all such changes and modifications as fall within 
the true spirit of the invention. 

An ink jet recording head is produced by forming in 
a first substrate (308) a plurality of orifices (317) for 
ejecting an ink droplet and a reference object for regis- 
tration; forming in a second substrate (307) ejection 
energy generating elements (315) for supplying energy 
for ejecting the ink placed in liquid passages (314) com- 
municating with the orifices (317); and joining the first 
substrate 308 and the second substrate (307) together 
on the basis of the reference object for registration. 

Claims 

1. A process for producing an ink jet, recording head 
comprising a first substrate (101) provided with a 
plurality of orifices (1 1 06) for ejecting an ink, and a 
second substrate (102) combined with said first 
substrate (101) and provided with ejection energy 
generating elements for supplying energy for eject- 
ing the ink, said process characterized by the steps 
of: 

detecting a reference object (1106*. 1218, 
216A, 21 6B) for registration which is provided 
in said first substrate (101) and which is used 
when said second substrate (102) is combined 
with said first substrate (101); and 
joining together said first substrate (101) and 
said second substrate (102) with reference to 
said detected reference object (1106', 1218, 
216A, 216B) for registration. 
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2. A process as claimed in claim 1 , characterized in 
that said reference object (1 106') for registration is 
som f said plurality of orrfic s (1 1 06), and the ori- 
fice as the reference object for registration is differ- 
ent in shape from the other orifices. 5 

3. A process as claimed in claim 1 , characterized in 
that said ejection energy generating elements gen- 
erate thermal energy to generate a bubble and the 

ink is ejected accompanied by generating said bub- 10 
ble. 

4. A process as claimed in claim 1 , characterized in 
that said ink jet recording head accomodates ink to 

be ejected from said orifices (1 106). is 

5. A process as claimed in claim 1 , characterized in 
that said reference object (1218, 216A, 216B) for 
registration is provided in the neighbourhood of 
said plurality of orifices. 20 
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